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Introduction 
 

Alfvén Waves (AW) [1] have been commonly studied in astrophysical plasmas. The 

injection of high power (MW) of AW is also considered as a very attractive scheme for 

heating [2], current drive (CD) for fusion research, giving the low cost of RF sources (in the 

range of mega Hertz), the expected high level of central absorption, and the absence of 

density limit cut-off. In addition, theoretical modeling of AW injection also predicts this can 

be used as a tool for creating transport barriers via induced poloidal flow in a tokamak 

plasmas [3]. 

The detection of AW in fusion devices is also quite important for evaluating the effect 

of fast-particle dynamics in burning fusion plasmas [4-8]. 

The proposed AW heating and current drive scheme in fusion research is based on the 

mode conversion of the RF field induced by an antenna into a kinetic AW, which ultimately 

heats the electrons. This conversion is a local resonance process [2]. 

The resonant absorption of AW for heating fusion devices has been explored in 

stellarators [9] and conventional tokamaks [10-12]. In most of the experiments there was an 

uncontrollable density rise during the RF pulse that jeopardized somewhat the heating results. 

However, more recent experiments in tokamaks, with better density control, clearly indicated 

heating by resonant absorption of Alfvén waves [13-16]. In fact, the excitation of AWs has 

been proposed as a possible heating and current drive scheme for low aspect ratio (spherical) 

tokamaks (ST) [17,18]. 

The major objective here is to present a preliminary study of the AW antenna system 

for spherical tokamak MEDUSA-CR (Madison EDUcation Small Aspect ratio tokamak in 

Costa Rica). It is noteworthy to mention that AW heating and CD is one of the major 

objectives of MEDUSA-CR project, alongside with the studies of advanced plasma 

equilibrium shapes (e.g. bean and high triangularity) and edge physics via ergodic limiter 

[19]. 
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MEDUSA-CR device 

 

The major device parameters as operated in Wisconsin, are [20]: Ro  < 0.14m, a <  0.10m, 

BT<0.5T, Ip<40kA, ne(0)<2x1020 m-3, Te(0)~140eV, 3ms pulse (10ms is technically possible), 

single pair (top and bottom) of moveable poloidal rail limiters, and base pressure of 5x10-8 

torr after 10 minutes of Ti-gettering]. The MEDUSA-CR vessel has square cross section and 

is mainly made of glass. 

 

 

The Alfvén Wave antenna hardware 

 

The insulation materials MEDUSA-CR device is made off lead to a unique and 

favorable scenario for AW injection, i.e., the planned folded antenna can be placed outside of 

the vessel, allowing the return limb to be positioned relatively far for the antenna limb (thus 

optimizing the net injected RF power) and also avoiding the need of plasma shield, hence the 

effects from sputtering and degasification due to plasma-antenna interaction. 

The simulations, whose results are presented below, are very simplified. Their main 

purpose is to estimate the parameters of the RF system, which can be used for plasma 

preionization and formation. 

A simple half loop antenna is well suited for this purpose. It excites the wide spectrum 

of wave numbers. At first during plasma formation at low plasma density more long waves 

with small toroidal wave numbers N=1, 2, 3… are coupled with plasma more efficiently. 

After this in the course of the plasma density growth, the modes with higher wave numbers 

start to interact with plasma more efficiently, that is, the “relay race” of modes occurs. 

The geometry of the antenna loop is shown in fig.1. 

 

 

 

 

 

 

 
 

 

 

Fig. 1 Antenna geometry in respect of MEDUSA-CR vessel and simplified circular cross section plasma. 
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The Alfvén Wave antenna Spectrum 

 
This antenna excites wide spectrum of spatial harmonics, which is shown in the fig. 2. 
 

 

 

 

 

 

 

 
 

Fig.2 Spatial Fourier spectrum of the antenna current 

 

It is worthy to be noted that not all of these harmonics are dissipated in the plasma. 
The spectrum of the antenna impedance with plasma load during density scan is shown in 
Fig.3.  

 

 

 

 

 

 

 

 

 

 
Fig.3 Spectrum of the antenna impedance during plasma heating. 

 

The total antenna impedance, which is formed by the individual input of all excited 

modes that interact with plasma, was performed via calculation by a 1-D cylindrical model 

[21] is shown in Fig.4 for plasma density scan. 

For the major toroidal mode M=1, a RF of 3MHz, a maximum antenna impedance of 

Za ≈ 0.05Ω can be attained at ne(0) ≈ 6x1019 m-3. If a current in the antenna of Ia = 1kA could 

be driven, then the injected RF power can be estimated as Pa = 25kW (Pa = ZaIa
2/2). 

Assuming full RF absorption, this power is comparable to the Ohmic power dissipated in the 

plasma, i.e., 30kW, which is calculated via nominal values of loop voltage of 3V, and  
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operation in a relative low plasma current of 10kA. Therefore regardless of overall crude 

estimate made, a noticeably heating should be observed. 

 
Fig.4 Density scan of the antenna impedance for RF frequency (a) f=2 MHz and (b) f=3MHz 
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