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Abstract

The perpendicular spectrum of high-energy particles originally injected tangentially was
measured using a neutral particle analyzer (NPA) based on a natural diamond (éER0)an
the Large Helical Device (LHD). The steady state spectrum showed the dependence on the
magnetic configuration, indicating the effect of the orbit loss. An analygsymptotic solution
of the Fokker-Planck equation, taking into account collision terms of coulomb interaction, the
fast-ion source term and the orbit loss of the helically trapped and transitiorlepariic
proposed.

Introduction

As neutral beam injection (NBI) heating is one of the main methods of plasma heating, it is
important to investigate the characteristics of high-energy ions confined in a magnetic
configuration. In helical systems, ion orbits atassified into five orbits judging from trajectory
patterns of drift motions (passing orbit, heligaliapped orbit, transition orbit, locally trapped
orbit and lost orbit). Passing ions have been shown to be well confined in a heliotron
configuration and tangential NBls were employed in the Large Helical Device (LHD) [1]. The
perpendicular energetic ions have also beadiatl extensively by spectrum measurement of
energetic neutrals, which were originally accelerated perpendicularly by lon Cyclotron Radio
Frequency waves [2]. It was concluded that the helically trapped ions were also stable for about
100 ms when their drift surface matched a magnetic flux suRgee.6 m [3,4]. Using a neutral
particle analyzer (NPA) based on a natural diamond detector (NDD), we eeathe
perpendicular flux and spectrum of high-energy particles originally injected tangentially. In the
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present paper, the dependence of defected flux and spectrum on the position of maignetic ax
(R,) are discussed to investigate the effects of transition orbit lying betwegraslang and

helically trapped orbits on ya(pitch angle) -p plane.

Experimental Results

Since the first application of ICRF-heating on LHD in 2000, a natural diamond detector
installed on a perpendicular port with major radiRs; 3.676m, nearly viewing the magnetic
axis, has been used to measure energetic neutral particles. In the present study, bolyeve
tangential hydrogen neutral beams of 180 keV were injected from two injectors—oree in th
counter and one in the co-direction. The typical injected power was about 1 MW for each. The
co- and counter beams were injected over 0.3-2 s and over 1.3-3.3 s, respddtesélypD
spectrum was sent to the histogram memory every 10 ms, but they were summed for three time
durations (co-beam beam region, balanced beam region and counter beam regiotijewhen
were stable during each shot. Gas puffing was controlled so that wide randessiy and
collisionality were possible.

Fig. 1 shows a typical example of the NDD spectrum. The spectrum was corrected with a
factor of <o, v>, whereg, is the charge exchangeoss-section between kind H, to convert it
to an ion spectrum. As reported in our previous paper [6], the neutral particle déasijty
which is responsible for neutralisation, attenuates steeply when diffused into théregmnira
while the deposition profile of beam particleg(r), peaks at the core, and the profile of the
product,n®(r)* n°(r), shows a rather flat distribution, and weak dependence on the demsity at

0.8a. The measured ion spectra were compared avigtationary solution of the Fokker-Planck
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source rate of beam particles. The normalisatatof of measured neutral flux to the latter at
31.6 keV, shown as A in Fig. 1, is plotted in Fig. 2 as a functiom, ébr three magnetic

2ngmV?

configurations oR at 3.6, 3.75 and 3.53 m. Hem,is the deflection timer, :W’
ne £, In

estimated at 180 keV. This factor represehts survival probability of energetic ion if the
neutral particle density does not vary shot to shot. As shown in Fig. 2, the survival probability

decreases steeply &g increases, indicating that enetigeions suffer from loss during the
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deflection. The spectrum shown in Fig. 1

shows much faster decay than the stationary 10° — #4%194 -
solution of the Fokker-Planck equatidg(v). Wl LR
In Fig. 3 were plotted a ratio of measured ot A \_;"_"-:-f_(fff:
counts at 82 keV ta\*f_(v). The ratio is " T N7 -_i__ i
ranging between 0.01 and 0.1, depending on % 10°} % ©i®<%§§><> -----

the magnetic configuration. The resultsR)f 10° | %%

= 3.75 m decayed faster than the others, ol %%Q% i

indicating that the loss during defection was ) 31.ékey o kev,C%@@i )

the most severe. 0 50 100 150 200
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Fig. 1 Typical example of NDD spectrum and
that of stationary solution of Fokker-Planck

equation.
10 ‘ 1
¢ Rax=3.75m
B Rax=3.6m
: ® Rax =3.53m
-12 - & lem—
” 10 71 > m ] 0.1p E o ]
& e e i ST
Pz
102} —om— | 001} el .
¢ Rax=3.75m
[ B Rax=36m
14 ® Rax =3.53m
10 L 0.001 ‘

7 (9 NO

Fig.2 The dependence of survival probability Fig. 3 The dependence of on deflection time. The
(A/N/T) of ions on deflection time. Survival value B ofR,=3.75 m is lower than those Rf =
probability decays steeply with the increase of3.6, 3.53 m.

deflection time. The difference of magnetic

configurations is not observed.

Theoretical Considerations
The velocity distribution function of ions can be obtained with a Fokker-Planck equation,

af+v[u]f+eBE+ xBHi BLH BLH Ele
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where, the first, the second, atin@ third term of the right are the collisional, the source, and the
loss terms. In the present wotke loss term was assumed to originate from the loss boundary
of the trapped particle and transition particle [6,7]. The Fokker-Plagdlatien can be
expressed as follows [8,9];

o 10 (5, ), Zyv% 0 of
TS at VZGV(V +v0)f+ 2\/3 66(1 E)af-}-r'gs(v vb) (E Eb) ()

—%f—H()\a “AH(-82) - HQ, - A)H kK -1)f

Expanding the velocity distribution function in a series of Legendre polynasnmé|

f(v.&,¢)= gf’(v’t)P’ (&), ands(v,&,¢) = iS, (v,)P.(€), then the solution is expressed as

f.é.1)= VS+V _ST ln%%
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The numerical calculation is currently in progress, and the results will be compared with the
observed spectra.
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