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Abstract 

Sustained mitigation and/or suppression of the type-I edge localized modes (ELMs) 

have been achieved in EAST H-mode plasmas, utilizing the resonant magnetic 

perturbation (RMP) fields, produced by two rows of magnetic coils located just inside 

the vacuum vessel. Systematic toroidal modelling of the plasma response to these 

RMP fields, with various coil configurations (with dominant toroidal mode number 

n=1, 2, 3, 4) in EAST, is for the first time carried out by using the MARS-F code [Liu 

Y et al 2000 Phys. Plasmas 7 3681], with results reported here. In particular, the plasma 

response is computed with varying coil phasing (the toroidal phase difference of the 

coil currents) between the upper and lower rows of coils, from 0 to 360 degrees. Four 

figures of merit, constructed based on the MARS-F computations, are used to 

determine the optimal coil phasing. The modelled results, taking into account the 
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plasma response, agree well with the experimental observations in terms of the coil 

phasing, for both the mitigated and the suppressed ELM cases in EAST experiments. 

This study provides a crucial confirmation of the role of the plasma edge peeling 

response in the ELM control, complementing similar studies carried out for other 

tokamak devices.    

 

1. Introduction 

The edge localized modes (ELMs), driven by the plasma edge pressure gradient 

and/or current, are rapid repetitive bursts, which occur at the high-confinement 

(H-mode) regime [1-3]. During recent years, it has been realized that large ELMs, the 

so-called type-I ELMs [4], can pose significant danger to the material walls in future 

tokamak devices such as ITER [5]. If not mitigated or suppressed, ELMs can actually 

damage the wall surfaces, or the divertors which are designed to withhold large 

thermal load in tokamak devices. Three potential techniques are presently being 

experimented, and theoretically investigated as well, in order to control the type-I 

ELMs. One method is to inject fuel pellets into the plasma, which effectively changes 

the plasma equilibrium and thus affecting the ELM behavior [6]. The second method 

tries to push the plasma to quickly oscillate along the vertical direction inside the 

torus. The induced current in the plasma edge helps to modify the plasma edge safety 

factor, thus changing the so-called peeling-ballooning instability [7, 8], which is 

responsible for the ELM crash. The last, and so far the most mature and reliable 

technique, is the application of the resonant magnetic perturbation (RMP) fields. The 
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ELMs can often be well mitigated [9], or even fully suppressed [10] using the RMP 

coils. 

The RMP technique has been extensively employed in DIII-D [11], JET [12], 

MAST [13-15], ASDEX-Upgrade [16], and recently in KSTAR [17] as well as EAST 

[18]. ELM mitigation and/or suppression, with varying success, have been achieved in 

these devices.  

Significant theory and modelling efforts have also been devoted in understanding 

the physical mechanisms associated with the ELM control with RMPs. The vacuum 

field approximation [19], adopted in earlier theories, is found to be capable of 

explaining certain experimental observations. Plasma response based on ideal or 

resistive MHD models, on the other hand, has been shown to provide good 

quantitative agreement with experimental data [19-26]. Furthermore, non-linear MHD 

modelling, using JOREK [27], M3D-C1[28, 29], BOUT++ [30], NIMROD [31], as 

has been well summarised in Ref. [32] , has provide crucial understanding of the ELM 

and ELM control physics.    

In this work, we carry out computational modelling of the plasma response to 

three-dimensional external magnetic field perturbations, in EAST tokamak fusion 

devices, using the MARS-F code [33], which has been well benchmarked [23] and 

extensively utilized for modelling various RMP experiments in tokamaks worldwide 

[7, 9, 34-37], including ITER [21]. The key aspects of these toroidal computations are 

(i) a systematic investigation of the roles of various RMP coil configurations on the 

plasma response, and (ii) a direct comparison of the modelling results with EAST 
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experiments, for a series of representative ELM control discharges. 

 Details of the computational model, used for the RMP response study, are 

described in Section 2. The EAST plasma equilibria, as well as the RMP coils, are 

specified in Section 3. Modelling results for representative EAST discharges (52340, 

56360, 55272) are reported in Section 4. Section 5 gives the summary and discussion. 

 

2. Computational model 

In this work, the plasma response to the RMP fields is described by the single fluid, 

resistive, full MHD equations including toroidal equilibrium flow, together with the 

vacuum field and the coil current equations 

 ˆ( ) ( )RMPi n R     v     (1) 
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 0, 0   b b   (7) 

where n is the toroidal harmonic number, R the plasma major radius, ̂  the unit 

vector along the geometric torodial angle  of the torus, and Ẑ  the unit vector in the 

vertical direction in the poloidal plane. B, J, P,  are the equilibrium plasma magnetic 

field, current, pressure and density, respectively. b, j, v, p,  are perturbed quantities 
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which represent magnetic field, current, velocity, pressure and plasma displacement, 

respectively. The parameters  and =5/3 are the plasma resistivity and adiabatic 

heating coefficient, respectively.  

Equations (1)-(5) describe the perturbed MHD equations valid in the plasma 

region. Equations (5) and (7) describe the vacuum field solution. Finally, equation (6) 

represents the RMP coil current j=jRMP, which is assumed to be located in the vacuum 

region. Note that, in MARS-F, the perturbed magnetic field b and the perturbed 

current j are defined as global quantities across the plasma-vacuum regions. Equations 

(1)-(7) are thus self-consistently solved all together, with the boundary condition of 

vanishing radial field at the computational boundary, which is located far from the 

plasma (normally a vacuum region of ~6 times larger than the plasma, in terms of the 

minor radius, is included in MARS-F computations). Proper interface conditions 

(continuous perturbed radial magnetic field and perturbed kinetic and magnetic 

pressure balance across the equilibrium plasma boundary) are also imposed at the 

plasma-vacuum boundary.        

The last term in Eq. (2) describes the parallel sound wave damping, where 

( / ) /k n m q R   isthe parallel wave number and . 2 /th i i iT M   is the thermal 

ion velocity, with Ti, Mi being the thermal ion temperature and mass. We assume 

1.5   in this work, following arguments from Refs.[6, 26]. In a systematic 

investigation for the ASDEX Upgrade plasmas [26], it has been shown that a strong 

parallel sound wave damping ( 1.5  ) reduces the kink response in the plasma core 

region, compared to the weak damping model (  << 1), without significant 
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modification to the plasma edge response. Consequently, all the further results (the 

figures of merit), which are related to the plasma edge and will be reported in this 

work, are not sensitive to the choice of . 0
ˆR  V  is the equilibrium toroidal 

flow speed, with  being the angular frequency of the toroidal rotation. The toroidal 

flow introduces the Doppler shift effect as evident from Eqs. (1)-(4), combined with 

the applied RMP coil current frequency RMP. For a static RMP field, which is 

assumed in this modelling work and which is also the case in EAST experiments 

(during the flat-top phase of the RMP current), we have RMP=0.   

  

3. Equilibrium and coil configuration  

The 2D plasma equilibria used in this study were obtained from the EAST discharges 

52340 at 3150 ms , 56360 at 2812 ms , and 55272 at 4010 ms . The EFIT equilibrium 

code [38] was used for the equilibrium reconstruction. Figure 1 shows one example of 

the equilibrium flux surfaces for the EAST single-null discharge 52340. Shown are 

also two rows of the RMP coils, located on the upper (“U”) and lower (“L”) 

half-planes, respectively, of the poloidal cross section. Each row consists of 8 window 

frame coils, equally spaced along the toroidal angle. Each coil covers 37 of the 

toroidal angle.  

With 8 coils distributed along the toroidal angle, the RMP fields with the toroidal 

mode number up to n=4 can be applied. For lower-n configurations (e.g. n=1, 2), the 

toroidal phase difference for the coil currents, between the upper and lower rows, can 

be discretely varied in experiments. This phase difference, defined as =L-U, 
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shall be referred to as the “coils phasing” [26] in further discussions. For the n=4 

configuration, on the contrary, only even (=0) or odd (=180) parity is 

possible in experiments. In the MARS-F modelling, however, we assume a 

continuous exp(in) dependence for all perturbed quantities, for a given n number.  

This allows us to continuously vary the coil phasing for all n’s configurations.  

In EAST, each coil has 4 turns, with the maximal current of 2.5kA per turn [39]. 

In MARS-F modelling, we normally assume the same amount of the coil current, 

although this is not a critical parameter, since all the computed perturbed quantities 

simply scales linearly with the assumed coil current.  

 

Figure 1. Geometrical location of the upper and lower rows of the ELM control coils 

in EAST. Each row consists of 8 window frame coils uniformly distributed along the 

toroidal angle, with each coil’s coverage of =37. Shown also are the reconstructed 

equilibrium flux surfaces for EAST discharge 52340. 

 

Figure 2 shows the radial profiles for the equilibrium safety factor q and the 
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torodial rotation frequency. Three representative discharges (52340, 56360, 55272) 

are plotted together. Discharge 52340 is a reference plasma for a series of ELM 

control experiments (with the best combination of diagnostics for the equilibrium 

reconstruction).  Discharge 56360 utilized the n=2 RMP configuration, which 

assumed two constant coil phasing angles (=90 and 270) during pulse. Discharge 

55272 applied the n=1 RMP field with varying coil phasing.   

     

Figure 2. Radial profiles for a set of equilibria studied here and reconstructed from 

EAST discharges 52340 (dash line), 56360 (dash-dot line), and 55272 (solid line), for 

(a) the safety factor and (b) the plasma toroidal rotation normalized to the on-axis 

Alfvén frequency. The radial coordinate s labels the equilibrium poloidal flux surface. 

 

A list of key equilibrium and coil parameters is documented in Table 1 for these 

three discharges. In the table, R0 is the plasma major radius. B0 is the field strength at 

the magnetic axis. The total plasma current is denoted by Ip. q0 and q95 are the safety 

factor on the magnetic axis and at the 95% poloidal flux surface, respectively. 

NamB0T/Ip is the normalized pressure, with    2

0 02 /P B   being the 

ratio of the volume averaged plasma pressure to the magnetic pressure on axis, and a 

is the minor radius of the plasma boundary.  0 0 0 0/A R B    is the Alfvén time. 
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/A is the on-axis ratio of the plasma toroidal rotation frequency to the Alfvén 

frequency, with A=1/A. In the next Section, we shall perform the plasma response 

computations for these three equilibria, assuming the toroidal mode number for the 

RMP fields as specified in Table 1. 

Table 1.Key discharge parameters of EAST shots 52340, 56360, and 55272. 

Shot# Time[ms] R0[m] B0[T] Ip[MA] N q0 q95 A[s] /A n 

52340 3150 1.80 2.30 0.40 1.05 0.950 5.08 0.31 1.95e-2 1,2,3,4 

56360 2812 1.75 1.85 0.41 1.15 0.961 4.59 0.37 2.35e-2 2 

55272 4010 1.80 2.23 0.42 0.70 3.250 6.07 0.32 2.01e-2 1 

 

4. Modelling results for EAST plasmas 

4.1. Definitions of figures of merit for the plasma response 

The ELM mitigation/suppression depends on the choice of the coil phasing, as has 

been observed in EAST RMP experiments (see below). In order to relate the 

experimental results to the modelled plasma response, we need to define certain 

criteria, or figures of merit (FoM). Previous toroidal modelling for MAST [21] and 

ASDEX Upgrade [19, 26] has revealed several relevant quantities, that can be used 

for this purpose. In the following, we define these figures of merit.  

The first two FoM are based on the resonant harmonic of the radial magnetic 

perturbations in a straight field line coordinate system (with the toroidal angle being 

the geometrical one and with the poloidal angle chosen such that the Jacobian is 

J=q’R2
/F, where the derivative is with respect to the minor radial coordinate, and F 
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is the equilibrium poloidal current flux function.). More specifically, we define the 

amplitude of resonant harmonic of either the vacuum field perturbation , or the total 

perturbation including the MARS-F computed plasma response, at the last rational 

surface close to the plasma boundary, for a given toroidal mode number  

1

2

0

1
res

eq mn

b
R





 
    

b

B
  

where b is perturbed magnetic field,  the equilibrium poloidal magnetic flux, and 

Beq the equilibrium field. The reason that we can choose the last rational surface is our 

truncation of the exact X-point in the equilibrium plasma boundary, by slightly 

smoothing the boundary shape near the X-point (a similar approach, often adopted in 

literatures, is to truncate a small fraction of the poloidal flux near the separatrix). The 

X-point smoothing procedure results in a finite edge q value.  

The next two FoM are associated with the normal displacement of the plasma 

surface. This is also often referred to as the plasma surface corrugations in literatures. 

The plasma displacement is caused by the plasma response to the applied RMP field.  

We shall therefore not discuss the plasma displacement associated only with the 

vacuum field model. We consider the plasma surface displacement near the X-point, 

as well as at the outboard mid-plane. Previous comparison between the MARS-F 

modelling results and the MAST experiments [21] shows that the most relevant 

quantity, for interpreting the RMP induced density pumpout effect (which normally 

accompanies the ELM mitigation in MAST), is the ratio of the magnitude between the 

X-point point displacement and the mid-plane displacement. In other words, for a 

given RMP coil current, the largest effect on the type I-ELMs is achieved in MAST, 
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when the X-point displacement is maximized whist the outboard mid-plane 

displacement is minimized. In AUDEX Upgrade low collisionality ELM control 

experiments, we found that the best ELM mitigation occurs when the X-point 

displacement is maximized, and/or when the resonant field harmonic amplitude at the 

last rational surface close to the plasma surface, including the plasma response, is 

maximized [19, 26]. 

 

4.2. Systematic scan of the coil phasing for reference discharge 52340  

We start the investigation by modelling the reference discharge 52340. We scan the 

coil phasing for n=1, 2, 3, 4, while monitoring the two field perturbation based 

figures of merit as defined in the previous subsection. The results are summarized in 

Fig. 3. Figure 3(a) shows the magnitude of the pitch-resonant radial magnetic 

perturbation at the last rational surface close to the plasma surface, for the n=1 RMP 

configuration. Compared are the vacuum field (blue square dashed line) and the total 

perturbation field including the plasma response (red circle solid line). The maximum 

value of the vacuum field occurs at ~315，whereas the maximum value of the 

total response field occurs at ~15. The plasma response introduces a 60 (or -300) 

offset for the optimal  (that maximizes 1

resb ).   

For the n=2 coil configuration (Fig. 3(b)), including the plasma response, the 

maximum of the magnetic perturbation field occurs at ~270. Considering the vacuum 

field alone, the maximum occurs at ~195. The offset in the optimal coil phasing is 

about 75. Figure 3(c) shows the corresponding results for the n=3 configuration. The 
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optimal coil phasing is  in the vacuum approximation, and 
 
with the 

plasma response. The offset is again . Interestingly, almost the same offset of 
 

is also computed for the n=4 coil configuration (Fig. 3(d)), despite the fact the 

optimal coils phasing (either for the vacuum field or for the total response field) 

significantly varies for different n’s.   

       

       

 

Figure 3. The MARS-F computed amplitude of the perturbed resonant radial field 

component at the last rational surface close to the plasma boundary, plotted versus the 

coil phasing (the toroidal phase difference for the RMP coil currents between the 

upper and the lower rows of coils). Modelling is performed for EAST discharge 

52340, assuming various coil configurations yielding dominant field component with 

the toroidal mode number (a) n=1, (b) n=2, (c) n=3, (d) n=4. The vacuum RMP field 

perturbation (squares) is compared to the total field perturbation including the plasma 



13 

response (circles). 

 

4.3. Comparison between modelling and experiments for discharge 56360 

ELM control was carried out in EAST discharge 56360, with the experimental 

observations summarized in Fig. 4. The RMP coils, in the n=2 configuration, are 

applied during 3.1-4.6s of the discharge, splitted into two periods with different coil 

phasing (270 during 3.1-3.9s and 90 during 3.9-6.4s, Fig. 4(c)). The RMP effects on 

ELMs (Fig. 4(a)) and the electron density (Fig. 4(b)) are drastically different. In 

particular, the 270 coil phasing results in clear increase of the ELM frequency (i.e. 

mitigation effect), causing a large density pumpout, whilst the 90 coil phasing has 

little effect on the ELMs behavior and on the plasma parameters.  

 

Figure 4. Summary of experimental results for the ELM control discharge 56360, 

using the n=2 RMP coil configuration with two choices of the coil phasing (=90 
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and 270). Shown are the time traces for (a) the estimated ELM frequency, (b) the 

line-averaged electron density, (c) different coil phasing =270 during 3.1-3.9s and 

=90 during 3.9-6.4s. 

 

However, if we compare the poloidal spectrum of the vacuum field between 90 

and 270 coil phasing, we find that the 90 gives much larger resonant spectrum than 

the 270 phasing, as shown by Figs. 5(a) and (c). The vacuum spectrum thus predicts 

the opposite effect as observed in experiments (Fig. 4). This seemingly 

counter-intuitive result is resolved by taking into account the plasma response. Indeed, 

Figs. 5(b) and (d) show that, the total resonant response field, even though being 

shielded due to the plasma response with both 90 and 270 coil phasing, the 270 

phasing gives larger 1

resb . This is more clearly seen in Fig. 6, where we scan the coil 

phasing between 0 and 360. In fact not only that the 270 coil phasing gives a larger 

1

resb  compared to the 90, when the plasma response is included (Fig. 6(a)), the 

plasma surface displacement near the X-point and near the outboard mid-plane is also 

larger with 270 (Fig. 6(b)). These results, that better ELM mitigation is achieved 

with the coil phasing that maximizes the resonant field component near the plasma 

edge, and/or the plasma surface displacement near the X-point, are the same as those 

obtained for the AUDEX Upgrade plasmas [9, 19, 26], where the n=2 RMP fields are 

applied to mitigate the type-I ELMs.        
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Figure 5. Comparison of the poloidal spectrum of the perturbed radial magnetic field, 

between the vacuum field (left panel) and the total field including the plasma response 

(right panel), and assuming the coil phasing of =90 (upper panel) and =270 

(lower panel), respectively. The n=2 RMP field is applied to the EAST 56360 plasma. 

The symbols ‘+’ indicate the location of the q=m/n rational surfaces.   

  

Figure 6. The MARS-F computed figures of merit versus the coil phasing for the 

EAST discharge 56360, assuming the n=2 RMP configuration, for (a) the perturbed 

resonant radial field amplitude at the last rational surface including the vacuum only 
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(squares) and including the plasma response (circles), and (b) the normal 

displacement amplitude of the plasma surface near the X-point (circles) and at the 

outboard mid-plane (squares). Vertical lines indicate the experimental choices of the 

coil phasing (=90 and 270). 

 

4.4. Comparison between modelling and experiments for 55272 

Complete type-I ELM suppression is one of the most exciting experimental results, 

that have recently been achieved in EAST, using the n=1 RMP field [18]. Even more 

interestingly, it has been found that the suppression, which is well reproducible during 

the shots, sensitively depends on the coil phasing, as shown by Fig. 7. The coil 

phasing, that allows to achieve the suppression, varies within a band of =55 

~120 (Fig. 7(b)). During the suppression, substantial density pumpout, up to 25%, is 

observed. Interestingly, this band of coil phasing excellently aligns with the range that 

maximizes 1

resb  associated with the plasma response (dashed curve in Fig. 7(c)). The 

vacuum field computed by the MAPS code, on the other hand, does not predict the 

best coil phasing for the ELM suppression.  

At this point, we emphasize that the same plasma response model (single fluid 

resistive MHD with plasma flow) has been used to study both the mitigated ELM case 

(56360) and the suppressed case (55272). The same model seems to be successful in 

predicting the optimal coil phasing for both cases. The optimal coil phasing is rather 

different between these two cases (~270 for mitigation and ~90 for suppression), 

largely due to the difference in the n-number, but also partly due to the difference in 
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the flow amplitude – the suppressed case has a very slow plasma flow as shown in Fig. 

2(b). However, this good match between the modelled optimal coil phasing, and that 

observed in experiments, does not necessarily mean that exactly the same physics 

applies to the mitigated and the suppressed cases. The actual suppression physics may 

be more subtle, but the MARS-F model seems to be capable of catching at least the 

zero-order effect.   

 

Figure 7. The ELM suppression achieved in EAST discharge 55272, with RMPs in 

the n=1 configuration. Shown are various quantities versus the coil phasing for (a) the 

electron density pump-out, (b) the frequency of the ELMs, and (c) the computed 

resonant radial field perturbation at the last resonant surface, comparing the vacuum 

field (solid line) and the total perturbation including the plasma response (dashed 

line). 
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More detailed modelling results are reported in Figs. 8-10. Figure 8(a) compares 

1

resb  at the last resonant surface between the vacuum and the total response field, with 

both being computed by MARS-F. The vacuum field matches well the MAPS result 

shown in Fig. 7(d) (solid line). The best coil phasing, taking into account the plasma 

response, is =60. The same coil phasing also maximizes the X-point displacement, 

as shown by Fig. 8(b).   

    

Figure 8. The MARS-F computed figures of merit for EAST shot 55272, assuming the 

n=1 RMP field configuration, versus the coil phasing  between the upper and 

lower rows of coils. Compared are (a) the magnitude of the perturbed resonant radial 

field component at the last rational surface between the vacuum field (squares) and 

the total field including the plasma response (circles), and (b) the plasma surface 

displacement between the X-point (circles) and outboard mid-plane (squares). Vertical 

lines indicate the coil phasing of =90 and 270, respectively. 

 

Figure 9 compares the poloidal spectrum of the vacuum field and the total 

response field, for two choices of the coil phasing =90 and =270. Clearly the 

90 phasing leads to larger plasma response (in terms of both the total response 1

resb  

and the X-point displacement) compared to the 270 phasing. Another interesting 
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observation, shown in Fig. 9(b), is the large amplification of the non-resonant 

harmonics (m>0) at the 90 coil phasing. This is now often referred to as the kink 

response in literatures [21]. No such kink amplification is obtained with 270 phasing. 

Note that, compared to the vacuum field, certain degree of the kink amplification is 

also seen for the non-resonant harmonics with the opposite pitch (m<0). 

         

         

Figure 9. Comparison of the poloidal spectrum of the perturbed radial magnetic field, 

between the vacuum field (left panel) and the total field including the plasma response 

(right panel), and assuming the coil phasing of =90 (upper panel) and =270  

(lower panel), respectively. The n=2 RMP field is applied to the EAST 55272 plasma. 

The symbols ‘+’ indicate the location of the q=m/n rational surfaces.  

 

The structure of the whole plasma surface displacement can be mapped onto a 

plane as shown in Fig. 10. Again it is evident that the largest displacement occurs near 
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the X-point, corresponding to the poloidal angle of about -100, with the 90 coil 

phasing (Fig. 10(a)).  Certain displacement also occurs at the top of the torus, with 

the poloidal angle about +100.  With the 270 coil phasing (Fig. 10(b)), when no 

ELM suppression was achieved in experiments, much weaker X-point displacement is 

computed. This correlation is the same as the previous one found with from the ELM 

mitigation experiments [21]. On the basis of the above discussion, we claim that a 

better ELM control can be achieved, if the plasma response to the applied RMP field 

maximizes the X-point displacement. The corresponding optimal coil phasing is 

documented in Table 2, for all three equilibria studied in this work. 

  

 

Figure 10. Comparison of the 2D plots of the computed plasma surface displacement, 

between the coil phasing of (a) =90 and (b) =270. The n=1 RMP field is 

applied to the EAST 55272 plasma in this case. 

 

Table 2. The MARS-F computed optimal coil phasing  that maximizes the figures 

of merit based on the vacuum approximation (the resonant radial field component at 

the last rational surface) and on the plasma response model (both the pitch-resonant 

radial field at the last rational surface close to the plasma surface, and the plasma 
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surface displacement near the X-point). 

 

5.  Summary and discussion 

The type-I ELMs are either mitigated or completely suppressed in EAST 

H-mode，low-collisionality plasmas, using the RMP fields produced by two rows of 

magnetic coils located just inside the vacuum vessel. Similar to other experiments 

(MAST, ASDEX Upgrade，and DIII-D), it is found that the mitigation/suppression is 

sensitive to the choice of the relative coil phasing between the upper and lower rows 

of the ELM control coils.  

This work focuses on toroidal modelling of these ELM control experiments in 

EAST. Specifically, we use the MARS-F code to perform systematic toroidal 

computations of the plasma response for representative plasmas chosen from these 

ELM control experiments. Four figures of merit are constructed from the MARS-F 

computations, namely the amplitude of the resonant radial field harmonic at the last 

Shot# n N q0 q95 vacuum plasma 

52340 1 1.05 0.950 5.08 315° 15° 

52340 2 1.05 0.950 5.08 195° 270° 

52340 3 1.05 0.950 5.08 60° 135° 

52340 4 1.05 0.950 5.08 285° 0° 

56360 2 1.15 0.961 4.59 150° 210° 

55272 1 0.70 3.250 6.07 345° 60° 
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rational surface close to the plasma boundary, from either the vacuum RMP field or 

the total response field, the magnitude of the plasma surface displacement 

(corrugation) either near the X-point or at the outboard mid-plane. These figures of 

merit have been extensively considered in the past in order to determine the optimal 

coil phasing in ELM control experiments in MAST [35] and ASDEX Upgrade [9, 19]. 

The modelling results, obtained in this work for EAST plasmas, again lead to the 

conclusion that those plasma response based figures of merit, in particular the 

pitch-resonant radial field harmonic amplitude at the last rational surface close to the 

plasma surface and the X-point displacement, predict the optimal coil phasing that 

agrees with the experimental observations. This provides an important confirmation 

of the role of the edge peeling response for the ELM mitigation, found in similar 

studies for other ELM control experiments (MAST [21], ASDEX Upgrade [19, 26, 

40] , DIII-D [24, 41]).    

The second important finding from the present study is that the field and plasma 

displacement based criteria, derived from the MARS-F model, seem to work not only 

for the ELM mitigation, but also for the ELM suppression. This study provides the 

first such an example. For the EAST H-mode plasmas considered in this work, the 

optimal coil phasing, according to the plasma response based figures of merit, is about 

15-60 for the n=1 RMP coil configurations, and about 195-270 for the n=2 coil 

configuration, aligning well with the experimental results for the ELM suppression 

(n=1) and mitigation (n=2). The optimal coil phasing predicted by the vacuum field 

based criterion, on the other hand, does not agree with experiments. In fact the offset 
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in the optimal coil phasing, as predicted by the vacuum and by the plasma response 

field based criteria, is between 60-75 for all cases considered in this work. This is in 

excellent agreement with what has been found in ASDEX Upgrade [19]. The optimal 

coil phasing, found from the modelling results for EAST, can be used to guide further 

ELM control experiments. This is the third important conclusion from the present 

study.    

Finally, we remark that, even though the MARS-F linear resistive MHD response 

computations yield agreement, in terms of the coil phasing, with the experimental 

observations for both ELM mitigation and suppression, the present MARS-F model 

does not seem to be capable of catching the more subtle physics differences between 

mitigation and suppression. Work is going-on to further upgrade the model, in order to 

investigate these differences.                    
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