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Abstract

Hotspots were observed in recent EAST lower hybrid current drive experiments. It is believed that the 

fast electrons produced due to the interactions of electrons and high n// lower hybrid modes in front of the 

antenna are responsible to the observed hotspots. The sheath effects, however, were ignored in the previous 

studies. In this work, the sheath effects are discussed via one-dimensional particle-in-cell simulations. It is 

found that the sheath potential increases in the presence of fast electrons. As a result the ion heat flux 

increases and becomes comparable to the electron one. The total heat flux is much enhanced by fast 

electrons.

. Introduction

In recent lower hybrid current drive experiments on EAST, hot spots are often observed as the input wave power 

is over 2MW [1]. It is believed that fast electrons are produced as electrons interact with the lower hybrid mode 

with high n//. Then a fraction of the RF power is carried away and deposited on the walls [2]. Such enhanced heat 

flux loaded on the lower hybrid wave antenna guard limiters is responsible to the hot spots. The power loss and 

the power deposition on the walls have been reported to increase with launched power [3]. However, in these 

studies, the sheath effects were ignored. It is well known that a sheath decelerates electrons and accelerates ions 

and consequently make the heat fluxes carried by electrons and ions comparable. The presence of fast electrons 

not only affects the sheath dynamics and in turn alters the heat flux loaded to the walls. In this work, 

one-dimensional particle-in-cell simulations are performed to study the heat flux flowing to the lower hybrid 

wave antenna guard limiters taking the sheath effects into account.

Since electrons are well confined by magnetic fields, we use a one-dimensional model as shown in Fig.1. The 

plasma is confined between two conductor walls representing the wave antenna guard limiters. The size of 

plasma is L=0.3m. The plasma density is n0 = 1018m-3 and both electron and hydrogen ion temperature are 25ev. 

No source and collisions are included in the simulations. A fully kinetic model implemented in VSIM [4] is used 

for both electrons and ions. The grid size is chosen dx = 0.9 D. 

Firstly we simulate the case without fast electrons. The sheath field and potential as a function of distance 

normalized to the Debye length are shown in Fig.2. It is verified that the plasma potential is just the floating 
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potential. The initial electron VDF is Maxwellian. The resulting VDF at the sheath edge and wall are shown in 

Fig.3. While the VDF at the sheath edge is still Maxwellian, the one at the wall is a cutoff Maxwellian. 

Now we consider the VDF with fast electrons. The initial electron velocity distribution (VDF) is set with a fast 

electron tail due to the electron-lower hybrid wave interactions. As fast electrons are lost at the walls, the sheaths 

are formed which decelerate electrons so only fast electrons can arrive at the walls. Meanwhile, ions are 

accelerated. The field and potential of the sheath formed in front of the right wall are shown in Fig.4. It can be 

seen that the sheath potential is much larger than the floating potential in the absence of fast electrons.

The physics underlying the fact that the sheath potential is significantly enhanced is due to the enhancement of 

the electron flux caused by fast electrons. To reduce such flux, the sheath potential should be increased. As a 

result, electrons at slower velocities are expelled by the sheath field. The electron VDFs at the sheath edge and 

the right wall are shown in Fig.5. The electron VDF at the sheath edge has a quasi-linear plateau produced by the 

resonant interactions between electrons and high n// lower hybrid modes, which gives rise to a driven current 

density 26kA/m2. The concentration of fast electron in the tail is about 3.4%. Without taking the sheath effect 

into account, such electron VDF results in about 200MW/m2 heat flux at the right wall. However, due the 

formation of the sheath, the electrons are decelerated by the sheath field and the VDF at the wall becomes much 

different as shown in Fig.5. Apparently the thermal electrons cannot reach the wall and the electron flux is much 

reduced. Therefore the resulting electron heat flux also decreases and ion heat flux increases because of the 

acceleration of ions by the sheath field. The electron, ion and total heat flux as a function of the normalized 

distance are plotted in Fig.6. Clearly the electron heat flux decreases with the distance while the ion’s increases. 

At the wall, they are comparable. The total heat flux at the wall is nearly 10MW/m2, which causes unendurable 

heat load on the guard limiters and produces hot spots. Therefore, it is shown that the fast electrons produced by 

the resonant electron-wave interactions are responsible to the hot spots observed in the lower hybrid current 

drive experiments. The formation of the sheath can significantly reduce the electron heat flux while increasing 

the ion heat flux.

Fig.1. Schematic plot of the simulation model. 

The sheath in front of the right wall is 

considered in this work.

Fig.2. Sheath field (top) and potential 
(bottom) as a function of distance 
normalized to the Debye length.  
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To find the dependence of the heat flux to the wall on the fast electrons, we slightly change the electron 

VDF by increasing fast electron number and energy. Such VDF produces the current density about 

37kA/m2. The electron VDF at the sheath edge is shown in Fig.7 while the one at the right wall is shown in 

Fig.8. One can observe that the electrons at the wall are less than that in the previous case. Because more 

fast electrons with higher energy can reach the wall. The sheath field and potential are plotted in Fig.9.

While the sheath field is comparable to that in the previous case, the sheath potential is much increased. As 

a result the sheath width also increases. Therefore the ions gain more energy while traveling to the wall. 

The electron, ion and total heat flux are shown in Fig.10. Once again the electron heat flux is reduced when 

moving to the wall while the ion heat flux increases. The total heat flux flowing to the wall is about 

25MW/m2. Apparently the heat flux to the wall is significantly increased as the number and energy of fast 

electrons are slightly increased.

In the simulations, the effects of the secondary electron emission (SEE) are not considered. It can be 

expected that the SEE will reduce the sheath potential, but not significantly affect the heat flux. 

Fig.5. The electron VDF at the sheath edge 

(top)  and right wall (bottom). 

Fig.6. The electron, ion and total heat flux as 

a function of distance normalized to the 

Debye length.

Fig.3. The electron VDF at sheath edge 
(black) and wall (blue). 

Fig.4. Sheath field (top) and potential 

(bottom) as a function of distance normalized 

to the Debye length.  
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,

In this work, the sheath effects are discussed via one-dimensional particle-in-cell simulations. It is found 

that the sheath potential increases in the presence of fast electrons. As a result the ion heat flux increases 

and becomes comparable to the electron one. The total heat flux is much enhanced by fast electrons, which 

is responsible to the observed hot spots during lower hybrid current drive. 
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Fig.7. The electron VDF at the sheath 

edge, which can drive 37kA/m2 current.  

Fig.8. The electron VDF at the right 

wall. 

Fig.9. Sheath field and potential as a 

function of the normalized distance.  

Fig.10. The electron, ion and total heat 

flux vs. the normalized distance.  
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