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The characteristics of poloidal halo currents (HCs), which flowed through the supporting 

structures for the lower plasma facing components (PFCs) between plasma and the wall of the 

vacuum vessel during downward vertical displacement events (VDEs) eventually causing 

plasma disruptions, were experimentally investigated in the KSTAR tokamak. The poloidal 

HCs during the downward VDEs were measured with small Rogowski coils (RCs) called as 

halo current monitors (HCMs) mounted on the supporting structure, the divertor Langmuir 

probes (DLPs) and shunt tiles (STs) mounted on the passive stabilizer (PS) (see Fig. 1). The 

magnitude of the HC for the disrupted plasmas due to the downward VDEs was estimated up 

to 45 % of plasma current Ip from the HCM measurements under experimental conditions such 

as Ip of 0.4 -1.0 MA and toroidal field BT of 1.5 – 2.7 T [1]. 

 

Fig. 1. Sensors for the halo current measurement: (a) HCMs and STs, (b) DLPs with their electronic circuit, and (c) the 
locations of the sensors in the toroidal direction together with supporting structures for the divertors. Here, all HCMs are 
mounted around the supporting structures for the plasma facing components, the toroidal angle between two adjacent 
HCMs is 90 degrees. There are two choices for measuring the ion saturation current Isat and the scrape-off layer (SOL) 
current ISOL in the electronic circuit for the DLPs; the load resistances in the measurements of Isat and ISOL are set as ~10 
Ohm and ~1 Ohm, respectively.   

Firstly, the time evolution of the HC measured with the HCMs during the downward VDE 



was compared with the DLP and ST measurements. From the contour of the SOL current 

measured with DLPs which are distributed in the lower divertor region from the inboard 

divertor (ID) to the outboard divertor (OD) at a certain toroidal angle, the poloidal distribution 

of the HC during the VDE is assessed as shown in Fig. 2(a). As it is expected, the two 

magnitudes of incoming and outgoing parts in the HC from the DLP measurement are 

comparable each other as shown in Fig. 2(b). It can be known that both the incoming and 

outgoing parts of the HC coexist in the central divertor (CD), which is one body in the poloidal 

direction and is connected to the wall through two supporting structures, from the contour of 

the SOL currents measured with the DLPs during a certain disrupted plasma. Thus, the 

magnitude of the HC from the HCM measurement is about a half of the HC estimated from the 

DLP measurements for a certain disrupted plasma because both the incoming and outgoing 

parts of HC are cancelled out each other in the HCM measurement at the CD. In addition, it is 

found that the HC is also detected at the passive stabilizer (PS) from the ST measurement for 

certain conditions, which can be expected from the contour of the SOL currents measured with 

the DLPs as seen in Fig. 2(c). Its magnitude is needed to be calibrated in order to know the 

portion of the HC at the PS by comparing with the DLP and HCM measurements.  

 

Fig. 2. (a) Contour and poloidal distribution of the SOL currents measured with the DLPs, the DLPs distributed at the lower 
divertors, and time evolutions of plasma and halo currents during the downward VDE, (b) time evolutions of halo currents 
measured with the HCMs and DLPs during the downward VDE, together with the contour of ISOL from the DLP 
measurement, and (c) time evolutions of halo currents measured with the DLPs and STs during the downward VDE, 
together with the contour of ISOL from the DLP measurement. Here, Ip and IRC03 mean the toroidal eddy compensated plasma 
current evaluated by using sum of local poloidal field measurements at the PFCs and plasma current measured with a 
Rogowski coil (RC) mounted on the wall, respectively [2].      

Secondly, the reduction in the magnitude of the HC due to the gas puff to the lower divertor 

region during the downward VDE was investigated by using N2 or D2 gas for the case of the 



outer strike point (OSP) located at the CD or at the OD before the VDE. The OSP located at the 

CD (at the OD) corresponded to the gas puff to scrape-off-lay (SOL) region (to the private 

region). The reduction of the HC due to the impurity gas puffing, which caused the decrease of 

the electron temperature in the halo region because the magnitude of the HC depended upon 

the resistivity of the current path of the HC, was observed in the JT-60U [3]. The magnitude of 

the HC is reduced down to about 50 % by increasing the amount of the N2 gas puffing to the 

private region or to the SOL regions in the lower divertor region while there is no clear reduction 

in the magnitude of the HC due to D2 gas puffing as shown in Fig. 3(a). There is also the similar 

trend in the contour of the SOL current measured with the DLPs, and the time width in the 

poloidal distribution of the HC also becomes narrower by increasing the amount of the N2 gas-

puff as seen in Fig. 3(b).  

 

Fig. 3. (a) Time evolutions of plasma currents and halo currents at the lower OD for three different amounts of the N2 gas 
puff to the lower divertor region during the VDE and the magnitude of halo current at the lower OD versus amount of N2 
gas puff in the case of the outer strike point at lower OD before the VDE, and the magnitude of halo current at the lower 
OD versus amount of N2 (or D2) gas puff in the case of the outer strike point at lower CD before the VDE, and (b) Contour 
of halo currents for three different amounts of the N2 gas puff to the lower divertor region during the VDE for the OSP at 
the OD before the VDE. Here, the halo currents seen in (a) and (b) are measured with the HCMs and the DLPs, respectively.   

Finally, the rotating HCs correlating with the occurrence of the n = 1 MHD mode, which 

were reported in other tokamaks [4], were already observed in the KSTAR [1], so the toroidal 

asymmetry of the HC was investigated by using the resonance magnetic perturbation (RMP) 

coil for producing the non-resonance magnetic perturbation (NRMP) field (n = 1, -90 deg. 

phasing) in the plasma edge region (see Fig. 4(a)) because it was expected that the NRMP field 

caused the vertical force on HC during the VDE asymmetrically in the toroidal direction. The 

toroidal distribution of HC becomes more asymmetric and more symmetric at the outer CD (as 

outgoing part of the HC) and at the OD regions (as incoming part of the HC), respectively for 



higher NRMP field as shown in Fig. 4(b). The trend of the toroidal distribution in the two parts 

of the HC becomes clearly opposite each other for higher NRMP field. Here, the fact that while 

the outgoing HC distributes from the ID region to the CD one, the incoming HC exists in only 

the OD region can be confirmed from the contour of the ion saturation current measured with 

the DLPs. It is noted that the outgoing and incoming HCs from the ion saturation current can 

be discriminated by surveying clear change of its magnitude in the poloidal direction as seen in 

Fig. 4(c).   

 

Fig. 4. (a) The RMP coils for the NRMP field inside the vacuum vessel of the KSTAR tokamak, (b) Contours showing the 
toroidal distributions of halo currents at the outer CD and the OD under three different NRMP fields due to the RMP coil 
current during the VDE and (c) contour and poloidal distribution of ion saturation currents measured with the DLPs.  

Further analysis on the HCs obtained from the three different sensors will be carried out for 

understanding the effect of impurity gas puffing on the reduction of the HC and for figuring out 

the magnitude of the NRMP field affecting on the toroidal distribution of HC, which are needed 

for the study of the electromagnetic force on the PFCs due to the HC as one of the critical issues 

on the machine safety for higher operational conditions such as Ip ( > 1.0 MA) and BT ( > 3.0T) 
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