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Production, confinement and thermalization of high-energy particles are the 

fundamental issues in fusion plasma ion kinetics. The ion distribution function and its 
evolution under the ion cyclotron heating and neutral beam injection are studied by energy 
resolved charge exchange neutral flux measurements. For helical systems, such as LHD, local 
diagnostics are required due to the complex 3D magnetic field. In passive methods one needs 
to analyze the integral relation between the plasma ion distribution function and the observed 
neutral flux, which is a superposition along the diagnostic sightline, taking into account the 
charge exchange target density profile. In active measurements either a diagnostic neutral 
beam or a solid pellet injection are used to enhance the charge exchange locally. An impurity 
pellet ablation cloud rcloud << rplasma provides a localized charge exchange target scanning the 
plasma radially. Pellet-induced neutral fluxes were previously measured on LHD with a 
natural diamond detector. However, obtaining the energy spectra from these data in the main 
energy range of interest (101-102 keV in the present experiments) is complicated due to the 
high operating speed, i.e. the spatial resolution requirement [1]. 

A new diagnostic based on a compact neutral particle analyser (CNPA) [2] has been 
installed on LHD for measurements in the H0 energy range 1 - 170 keV. CNPA employs a thin 
50 Å diamond-like carbon stripping film instead of a traditional gas stripping cell, a high-
field-strength permanent analysing magnet and an array of 40 channel electron multipliers 
(CEMs) for particle detection. CEMs can be used in both counting and current modes to be 
able to process high neutral particle fluxes from the charge exchange on the dense pellet 
cloud. Thus, the system is suitable for both passive measurements and the active probing with 
a diagnostic pellet. Pneumatically accelerated polystyrene (-C8H8-)n balls are injected 
transversally; typical Dpel = 500-900 mm, vpel = 300-400 m/s. The angle between the analyser 
sight line and the pellet injection axis is 2° on the horizontal midplane projection and 1° in the 
poloidal plane. The values of the local v7/v for the observable particles are in the range -0.25 
to +0.25 along the average pellet flight length.  

The neutral flux is determined by the local ion distribution function in the plasma, the 
neutralization fraction F(E) in the pellet ablation cloud and the attenuation of the neutral flux 
in the plasma on the way out to the periphery. F(E) can be calculated from the ionization-
recombination balance in the cloud. The knowledge of the cloud density and the dominating 
ion charge states in the cloud during the pellet flight is required as well as the experimental 
data or theoretical estimations of the relevant charge exchange cross-sections. 

A clear response to the pellet injection has been observed on the neutral fluxes in the 
discharges with different heating scenarios. The pellet-induced spectra from ECRF/tangential 
NBI heated plasmas and from ICRF plasmas were measured. The initial data analysis (with 16 
of 40 energy channels available) and the interpretation of these neutral spectra using the 
estimated carbon/hydrogen ablation cloud neutralization fraction will be discussed.  
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