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In the Heliotron J device, the confinement characteristics and behavior of fast ions by 
tangentially injected neutral beam (NB) are investigated with a charge exchange (CX) neutral 
particle analyzer (NPA) system. In particular, configuration effects on the particle 
confinement are studied experimentally through measurements of the temporal change of 
CX-flux and its energy spectra. The CX-NPA system has been upgraded so as to change the 
horizontal (φNPA) and vertical (θNPA) angles simultaneously with the range of φNPA from –10 ο 
to +18 ο and θNPA from –3 ο to +10 ο. 

The hydrogen NB is injected into Heliotron J deuterium plasmas heated by electron 
cyclotron heating (ECH). The injected ions have pitch angle from 150 ο to 175 ο. The injected 
energy and power of NBI are 28kV and 0.5 MW respectively. When the horizontal angel φNPA 
is changed from –3 ο to 12 ο, the pitch angle of detected particles varies from 107 ο to 130 ο. 
In the standard configuration of Heliotron J, the detected CX-flux increases, as CX-NPA is 
oriented to the beam facing direction. The peaks in the energy spectra corresponding to beam 
energy components (Eb, Eb/2 and Eb/3) are observed at φNPA > 6 ο.  

A theoretical calculation has pointed out that controlling Fourier components in the 
magnetic field plays a key role in the fast particle confinement1. In order to investigate the 
configuration effect, the behavior of the CX-flux is studied by changing one of the Fourier 
components in the magnetic field, bumpiness component, B04/B00 from 0.04 to 0.15. Here Bmn 
is the Fourier component of magnetic field strength in the Boozer coordinates where m and n 
denote poloidal and toroidal mode numbers. In these configurations, the magnetic axis 
position (<R> =1.2 m), plasma volume (Vp = 0.7 m3) and rotational transform at LCFS (ι/2π(a) 
= 0.56) are almost fixed. In this scan, since the electron density is almost kept constant, 
0.8 × 1019m-3, the ion collisionality is considered to be almost the same. The electron-ion 
collisionality normalized by bounce frequency of banana orbit particles at energy of 25 keV, 
ν*, is about 0.5. In the range of φNPA from 0 ο to 9 ο, CX-flux in high bumpiness configuration 
is lower than the other configurations. In the φNPA = 12 ο, no clear dependence of energy 
spectra on the bumpiness component is observed. A non-collisional orbit calculation predicts 
that the dependence of CX-flux on the bumpiness component is due to the change in the loss 
cone shape. The decay time of the CX-flux just after NB turned-off provides information 
regarding the slowing down and the confinement of fast ions. In the energy range from Eb/2 to 
Eb, the 1/e decay time of CX-flux increases with decreasing the energy for all configurations. 
It is also found that the decay of CX flux becomes slower with bumpiness, for example at 
B04/B00 = 0.04 0.08 and 0.15, the decay times of CX-flux at energy of 17 keV are 2.3, 3.1, 4.5 
ms, respectively. The Fokker-Planck calculation taking into account of anomalous loss will be 
performed to understand the dependence of the fast particle confinement on bumpiness. 
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