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Acceleration of fast ions produced by NBI (Neutral Beam Injection) by ICRH (Ion Cyclotron 

Resonance Heating) is considered to be tested in ST40 [1] (design parameters: 

R/a=0.4/0.25m, Bt=3T, Ipl=2MA pulse duration 1-2 sec, NBI–power 2MW, NBI-energy 

Eb=25-50 keV, ICRH – power 1MW) to produce neutrons by DD – and TD reactions. 

Depending on the beam geometry, the generated fast ions have a pitch angle such that vperp 

(speed perpendicular to the magnetic field) is a considerable fraction of the total velocity. The 

ICRH wave absorbed at the resonant cylinder increases the Larmor-radius thus reduces the 

pitch and allows for a considerable increase in the neutron yield.  

Assuming at the first step that at the resonant cylinder the ICRH power is completely 

absorbed by the tail ions [2], the energy of the tail ions is estimated to reach Etail~1MeV.  

The modelling has the following aims:  

1. To determine by means of the Fast Ion Fokker-Planck Code (FIFPC) the distribution 

function of the fast ions due NBI.  

2. To investigate the relaxation of the ICRH-heated tail ions due to Coulomb - collision until a 

stationary state is reached and to compute the corresponding neutron yield due to beam-target 

reactions.  

3. To compute the banana orbits of the very low pitch particles generated by the ICRH.  

The following results have been obtained:  

1. Choosing the beam tangency radius Rb smaller than R0, a maximum pitch angle of around 

40 degrees may be achieved.  

2. Assuming Te(0)=6.4 keV, Ti(0)=8.6 keV, ne= 10
14

/cm
3
 for the background plasma, after 2 

msec the distribution has a sharp peak at 1MeV.  

3. After a relaxation time of ~1 sec a stationary distribution is achieved and the neutron yield 

due to beam deuterons reacting with a deuterium plasma is Ydd~1.5 10
16

/sec, for tritons 

reacting with a deuterium plasma the analogous rate is Ytd~4 10
17

/sec.  

4. Using the relaxed distribution for sampling the velocity and the pitch, mainly banana orbits 

are generated. In the case of very low pitch, the orbits become close to the 'worlds fattest 

banana’, which is specific to the spherical tokamak geometry. 
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