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In so called ‘three-ion’ Ion Cyclotron Resonance Heating (ICRH) experiments a third, minority
species is efficiently accelerated in plasmas made by two main ions. This is achieved in the vicinity
of  the  ion-ion  hybrid  layer,  where  the  wave  polarization  is  entirely  left  handed.  One  of  the
conditions for the scenario to work is that the charge-to-mass ratio (Z/A) of the resonant ion is
comprised between the Z/A of the two main species, which makes this acceleration scheme suitable
for a large number of applications. These range from heating of intrinsic impurities to the effective
generation of fusion products by the realization of a steady state supra-thermal fuel ion distribution
[1].
At the Joint European Torus (JET) the scheme has so far been demonstrated in H-(DNBI)-D, H-
(3He)-D  and  D-(DNBI)-3He  plasmas,  by  the  acceleration  of  either  3He  ions  at  the  per-mille
concentration,  or deuterons injected by Neutral Beam Injection (NBI) [2]. Here the species that
absorbs the ICRH power is indicated within parentheses, while those outside brackets are the main
plasma constituents. The observation of a bright gamma-ray source in all these experiments is an
unambiguous proof of the generation of MeV range fast ions, either through direct acceleration by
ICRH, or born from fusion reactions. Gamma-rays are here due to nuclear reactions between the
fast  ions  and  9Be impurities  in  the  plasma and  the  detailed  analysis  of  their  spectra  provides
information on the velocity space of the energetic ions.
In this work we present examples of gamma-ray spectra from H-(DNBI)-D, H-(3He)-D and D-(DNBI)-
3He ‘three ion’ experiments at JET and their analysis. The data were collected by combining two
gamma-ray spectrometers, one vertical and one horizontal, and two gamma-ray cameras [3], that
provide the spatial localization of the fast ions. In particular, we present the method to separate the
emissions from individual  fast  ions in the spectrum and to infer properties of their  spatial  and
energy distributions. We further apply the method for the validation of numerical simulations of the
fast ion phase space in these experiments and discuss the results.
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