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Ion cyclotron resonance heating (ICRH) by radio frequency waves is a commonly adopted tool to 

tailor the plasma discharge and boost the fusion performance. A recent breakthrough in this field has 

been the theoretical discovery [1] and subsequent experimental demonstration [2] that radio frequency 

power can be more efficiently absorbed by exploiting the favorable polarization properties of the 

wave electric field in vicinity of the left handed cut-off layer compared to conventional minority 

heating. This is possible in the so called 3 ion scenarios, where the plasma mixture is carefully 

adjusted so that two majority species, say hydrogen and deuterium, define the propagation properties 

of the wave, while a third species, at typical concentrations of few percents or less, absorbs the power 

with virtually 100% efficiency.   

Experiments at JET on the 3 ion scenarios have so far focused on D and 3He acceleration and have 

provided unambiguous qualitative evidence of the acceleration of fast ions to the MeV range. This 

ranges from the excitation of Alfvén eigenmodes to the observation of a rich gamma-ray emission 

from a variety of nuclear reactions between MeV range fast ions and 9Be impurities in the plasma (see 

figure 1). 

 In this work, we present a quantitative study of confined fast ion data from 3 ion scenario 

experiments at JET and a comparison with predictions from advanced radio frequency codes that 

solve the wave propagation in the plasma and calculate the distribution function of the fast ions by 

means of a Monte Carlo kick operator. Synthetic diagnostics are used as means to bridge the gap 

between simulations of the fast ion phase space and indirect experimental data on the nuclear 

emission spectra from 3 ion plasmas. Although the enhancement of ICRH in the 3 ion scheme 

compared to minority heating is unambiguous, we find that data suggest mean fast ion energies which 

are significantly lower than predictions.  Possible additional physics effects that might be needed to 

reconcile simulations and the experimental findings, such as the role of Alfven eigenmodes in 

effectively ejecting the most energetic ions or the super-adiabaticity of the fast ions as they get 

progressively accelerated by the wave electric field, are discussed. 

 

 

 
Figure 1. Gamma-ray spectrum from reactions 

between fast 3He ions and 9Be impurities in 3 ion 

ICRH experiments at JET. A detailed analysis of the 

complex gamma-ray spectrum born in these reactions 

resolves the individual contributions to the emission, 

which are used to determine the 3He ion energies for 

comparison with models. 
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