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Introduction    Non-axisymmetric magnetic perturbation fields (NAMP) have been 

considered as an attractive method for active control of the large edge localized mode (ELM) 

on ITER. Drop in plasma density, so called density pump-out effect, has been often observed 

in many NAMP ELM control / suppression experiments. Study of the density pump-out 

effect is important for understanding the physical mechanism of ELM control.  

     On JET, a low n (n = 1, 2) field can be produced by adjusting both the orientation and the 

amplitude of the currents flowing in four external error field correction coils (EFCCs). Active 

control of the frequency and the size of the type-I ELMs has been achieved with either n = 1 

or n = 2 NAMP fields [1, 2]. While applying the EFCCs, reduction in the plasma density has 

been observed in wide range of plasma operational domain. The multiple resonance of ELM 

frequency as a function of the edge safety factor, q95, has been reported in previous studies [3, 

4]. Significant increases of ELM frequency can be seen at various q95 values [3, 4]. The ideal 

external peeling mode/relaxation model [5] can be used as a possible explanation of the 

multi-resonance effect [4, 6]. 

In this paper, the dependences of density pump-out effect on q95 and the edge pedestal 

electron collisionality, ν*e, ped, have been investigated with an application of low n NAMP 

fields on JET. The experimental results show that the density pump-out effect is strong 

(Δne/ne ~ 40%) in low collisionality plasma (ν*e, ped ~ 0.1). The plasma density can be 
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compensated when ν*e, ped increases with additional fueling. Furthermore, the amplitude of 

the density change has been analyzed for the plasmas with different q95 in low collisionality 

regime.  

Dependencies of density pump-out effect on ν*e, ped    On JET, active control of type I 

ELMs has been achieved by using EFCCs to produce n = 1 or n = 2 field. Data analysis 

shows that the edge electron collisionality decreases while plasma electron density drops 

during the application of EFCCs. Fig. 1 shows the correlation between edge electron 

collisionality and plasma density and temperature. In low collisionality plasma (ν*e, ped ~ 0.1), 

the drop of the central line-integrated density Δnel (normalized to the nel before EFCCs) is up 

to 40%. The density drop decreases as ν*e, ped increases. Higher collisionality is achieved with 

additional fueling, and the density pump-out is compensated, as shown in fig. 1(a). The 

density change at pedestal region show the same tendency as the overall line-integrated 

density change but slightly larger. The pedestal temperature increases for the low 

 

 

FIG.1 Normalized line-integated density change (a), normalized pedestal density change (b) and 

normailized pedestal temperature change (c) as function of pedestal electron collisionality during EFCCs. 

(d) is the normalized pedestal temperature change versus normailized pedestal density change and the 

colormap shows the normalized pedestal pressure change. 
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collisionality plasma without additional fueling, as the heating power remains the same  

while less particles need to be heated up due to the strong density pump-out effect. When 

additional fueling is employed to compensate the density pump-out effect, the collisionality 

increases not only because the density increases but also due to the decrease of temperature, 

as shown in fig. 1(c). It can be seen in fig. 1(d) that for the case without additional fueling 

during EFCCs, the pedestal pressure drop is mainly due to strong density pump-out effect. 

While for the case with additional fueling, confinement could become worse if 

over-compensation cause strong pedestal temperature decrease. 

Dependencies of density pump-out effect on q95    In previous studies, the multiple 

resonance effect of the dependence of NAMP ELM control on the edge safety factor, q95, has 

been observed. Significant increases of ELM frequency can be seen at various q95 values [3, 

4]. The amplitude of the density drop has been analysed for the plasmas with different q95 in 

low collisionality regime. Fig. 2 (left) shows the q95 scan experiments with n = 1 field. All 

five discharges was applied with the same amount of perturbation field, and strong density 

drop and edge electron collisionality drop can be seen. In fig. 2 (right), the top figure shows 

the ELM frequency during EFCCs flattop as a function of q95. Multiple peaks can be seen at 

several q95 values [4]. The density change normalized to the number of ELMs occurred in 

every 200 ms time slice is analysed and shown in the bottom figure. Both fELM and Δne/NELM  

show strong dependencies on q95. While ELM frequency peaks, the density pump-out effect 

 

FIG. 2 q95 scan with n = 1 field. The time trace from top to bottom in the left figure are the EFCC current 

normalized to the toroidal field, central line-integrated plasma density, the pedestal electron collisionality, 

the ELM frequency and the edge safety factor q95. The right figure shows the ELM frequency and plasma 

density change normalized to ELM number in 200 ms time slice as function of edge safety factor q95. 
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is enhanced. Density recovery can be seen when fELM is low. The q95 scan with n = 2 field also 

has been investigated, as shown in fig. 3. The q95 is varied from 2.8 to 4.4 during the 

application of n = 2 field. The density pump-out effect also show strongly dependence on q95.  

Summary    The experimental results show that the density pump-out effect is strong 

(Δnel/nel ~ 40%) in low collisionality plasma (ν*e, ped ~ 0.1). The plasma density can be 

compensated when ν*e, ped increases with additional fueling. The amplitude of the density 

change has been analysed for the plasmas with different q95 in low collisionality regime. The 

density pump-out effect show strong dependencies on q95. The density drop is enhanced 

while ELM frequency peaks. 
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FIG. 3 q95 scan with n = 2 field. The time trace from top to bottom in the left figure are the EFCC current 

normalized to the toroidal field, central line-integrated plasma density, the pedestal electron collisionality, 

the ELM frequency and the edge safety factor q95. The right figure shows the ELM frequency and plasma 

density change normalized to ELM number in 200 ms time slice as function of edge safety factor q95. 
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