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Abstract

Local and direct probing of plasma interior is considered to be a major advantage of heavy ion
beam probe (HIBP) diagnostic. However, in the presence of MHD fluctuations, beam acceleration (or
deceleration) may occur due to the magnetic field fluctuation and may change the beam energy. It is
called path integral effect. In order to calculate the path integral term, a model vector potential for a cy-
lindrical plasma column is assumed through experimental approaches. In the above analysis, the con-
tribution from path effect is estimated to be less than several percent to the observed space potential

fluctuation.
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1. Introduction

A heavy ion beam probe (HIBP) is a unique diag-
nostic instrument which can measure local plasma
potential and its fluctuations. However, in HIBP for
helical devices, the beam travels a certain distance in
the toroidal direction and the path integral term should
not necessarily be neglected[1]. In order to calculate
the path integral term, it is necessary to know the de-
tailed spatial structure of the vector potential, both on
the inside and the outside of the plasma. It is not easy
to measure it directly by HIBP in the real helical mag-
netic configuration because of its non-axis-symmetry of
the torus. In this paper, the path integral effect is esti-
mated for the HIBP diagnostic during m/n=2/1
MHD oscillation observed in CHS[2], where a model
vector potential for a cylindrical plasma column is as-
sumed through experimental approaches. We will esti-
mate the vector potential outside the plasma from the
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magnetic probe data. Since we do not have information
on the vector potential inside the plasma, we assume
the reasonable amplitude in g=2 rational surface which
can be connected to the curve for outside the plasma.
We consider that this estimation will give us the upper
limit of the contribution of path integral term.

2. Experiment

The plasma is initially produced by the second
harmonic electron cyclotron heating (ECH, 53.2 GHz)
and then neutral beam (NB) is injected (co-injection).
The port through power is 0.85 MW. The line averaged
electron density n, is kept low at around 1.7X10'° m™
by gas puff control and the diamagnetic beta value is
constant at 0.2 % during the discharge. The position of
the magnetic axis and the magnetic field strength
are 0.92 m and 0.9 T, respectively. The rotational
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transform is 0.3 at the center and 1.0 at the periphery.
This is a typical configuration where the burst-like
MHD mode is observed|3]. Singly charged cesium ions
(71.2 keV) are injected into a plasma as a probing
beam.
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Fig. 1 (a): Time derivative of magnetic fluctuations with a
Mirnov coil (upper trace), and its amplitude (lower
trace). (b): Typical time variation of the normalized
T-B difference during the burst-type MHD insta-

bility (0=0.5).
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Fig. 2 Normalized T-B difference for each sample posi-
tions. Vertical scale on the right hand side is the ap-
parent potential fluctuation amplitude.
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Figure 1(a) shows the time variation of magnetic
oscillation frequency during a burst cycle. The fre-
quency decreases from about 20 kHz to 5 kHz during a
burst cycle. Figure 1(b) shows the normalized top-bot-
tom (T-B) difference of the split plate detector during
one MHD burst cycle which is a measure of the space
potential. The normalized minor radius o (=r/a) of
sample position is about 0.5 in these figures. The nor-
malized T-B differences for different radial positions
are shown in Fig. 2. Since the burst-type mode changes
its amplitude during one burst period, we compare it at
its maximum. Although the data points are taken shot
by shot, the amplitude can be compared each other, be-
cause the fluctuation is very reproducible. The fluctua-
tion level is high at around p=0.5 ~ 0.7 where the g=2
rational surface is located.

3. Analysis
The probing beam 'passing through the plasma
gains energy due to acceleration by the electric field
along the beam trajectory. It is expressed as follows:
b
sw=[q-vp-2).ar, )
a t
where ¢ is the scalar potential, A is the vector potential,
a and b are initial and final positions of the beam.
When the magnetic oscillations are small, the pass inte-
gral term is negligible, and HIBP can measure the local
plasma potential. In the presence of strong magnetic os-
cillations, however, it is necessary to examine this term.
We will estimate the vector potential outside the
plasma from the magnetic probe data. For convenience,
the troidal component is only discussed. In a cylindrical
coordinate, toroidal component of the vector potential
A, (outside the plasma) satisfies the Laplace’s equation

FA; 104 134, PA_
or* r or r*oe? 9g?
Where ¢ and 6 are toroidal and poloidal angle vari-

ables, respectively. If the perturbation of A, is ex-
panded as

VA, = @

A= i Armn(r)cos(m0— ni),

=—0

Eq.(2) is expressed as the following differential equa-
tion for the mode number m:
?A,, 104 m
o T o T e A ©)
or r or r2o>

where we neglect the { dependence of the instability.
Then it is reasonable to relate A, , at the plasma edge

2
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a with A, , at the magnetic coil position #, as

e .m
AC,m(a)=(;c) AC,m(rc) . (4)
In the cylindrical coordinate, the magnetic fluctuation
B, is represented as

9A; .(7.)

B'O,m(rc)=_ ar

&)
The time derivative of perturbed vector potential at the
plasma edge can be derived as

az‘ic,m(a) _ I

Te.m 8l§9,m(rc)
ot m a)

Py (6)
The amplitude of dB#/0t at r, is obtained from the
magnetic probe data (Fig. 1). Figure 3 shows the model
vector potential profile used here. In order to estimate
the maximum value of vector potential term, we have
extended the Eq.(6) into plasma interior up to g=2
surface (0=0.65). Inside of this surface, a constant gra-
dient A, is assumed based on m=2 structure.

Then the path integral term can be calculated as
follows:

94, (1)
ot

6W= Z ql . dlc’i

i=

dA.(r)
=i_Z, U)\ / dt

{—cos[(m8— nl)+ md]}-dl, i(r, 8), (7)

where dl, is the { component of the primary and sec-
ondary beam path length which have been calculated by
beam trajectories and is a function of r and 6. In
Eq.(7), 6 dependence is taken as {—cos(m6—ni+
md)} just for convenience of calculation, where J rep-
resents the phase relation between the beam line and
the poloidal mode structure of the instability. The n¢
term represents the poloidal mode variation within the
HIBP observation area (6 ~ 22.5°). Figure 4 shows the
calculated energy gain as a function of beam location
for the sample position of 0=0.5 and 3=0. The total
energy changes due to the path integral effect is less
than 1.2 V. Summary of the calculation for each sample
position is shown in Fig. 5, which shows the ratio of
vector potential term to scalar potential term as a func-
tion of 8. The ratio varies with the phase 6, but within
several percent. However, it should be noted that the
effects from the radial or azimuthal components of the
vector potential are not discussed.
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Fig. 3 Model vector potential profile. The curve for
plasma outside is estimated from the magnetic
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Fig.4 Energy gain due to the path integral effect along
the beam trajectory.
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Fig.5 The ratio of maximum values of vector potential
and scalar potential terms for several sample posi-
tions. The horizontal coordinate presents the phase
relation between the beam trajectory and the poloi-
dal mode structure.
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surface is located. It is the first time to investigate the
path integral effect on potential fluctuation measure-
ment. Although, more accurate analysis is necessary in
future work.
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