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ABSTRACT. A new modification on the parallel plate
analyzer for 500keV heavy ions to eliminate the effect of
the intense UV and visible radiations, is successfully

conducted. Its principle and results are discussed.
51 Intrecducticn

The parallel plate electrostatic energy analyzerlrz)
is widely used in various fields of experimental physics
and technology because of its simplicity and gcod focusing
properties up to the second order. The practical setup of
the analyzer usually consists of the simple upper and lower
electrodes and a few number of guard rings with resister
chains in order to improve the uniformity of the electric
field between the plates.lrz) In the case of analyzing
100keV to MeV particles, the suppression of electrical
breakdown of the electrode and the heat removal of the
resistors in the guard ring are key issues. Recently in the
experiment of the high temperature plasma physics, the
gold, cesium or thallium beams with the energy of 100keV to
MeV are injected into the magnetically confined plasmas in
order to measure the local plasma potentials and
turbulence (Heavy Jlon Beam Probe)S~4), The change of the

energy of the secondary beam generated in the plasma,
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corresponds to the local plasma potentials where the
ionization takes place.5) For the measurement of this
energy change, the electric energy analyzer can be more
compact compared to the magnetic analyzer, if we are able
to suppress the electric breakdown, since the required
dimension of the electric analyzer is independent of the
mass number of the particles.

The energy analyzer in the high temperature plasmz is,
however, irradiated by the very intense visible, UV, VUV
and scft x-ray lights emitted by the plasma. The intense
light in the energy analyzer induces the secondary electron
emissions in the analyzer. Some of the electrons flow into
the guard ring of the parallel plate analyzer. The
electron flow in the resistor train of the guard rings
changes the electric field inside the analyzer and induces
the error in the measurement. In order to reduce this
change to an acceptable level, the resistance of the
resistors placed between the rings, should be small. The
reduction of the resistance of the resistors on the high
voltage plate in the vacuum, however, results in the large
heat consumption and causes serious problems. The
resistors of the analyzer of HIBP( 0.5 MeV, thallium beam)
in TEXT tokamak are removed out of the vacuum vessel and
are cooled in the oil bath3)

Another method to improve the uniformity of the
electric field and to suppress the electrical breakdown
between the parallel plates, may be the adoption of the
shaped electrodes, as was suggested by TEXT HIBP group.3)
The numerical optimization of the shaped electrodes and the
first experimental results of the new energy analyzer of
this type, to our knowledge, for the 500keV HIBP in JIPPT-

110 tokamak6), are discussed in this paper.
$2 Analyzer model and theory
Figure la and b show the cross-sectional and side

views of our simplified model of parallel plate analyzer.

Vacuum vessel itself serves as the outer boundary of the
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zero potential and the lower electrode. The circular ring
is attached to the upper electrode in order to increase the
region of uniform electric field, which also serves as the
corona ring to suppress the breakdown of the high voltage
of about 100kV. The optimal radius of the ring is
determined numerically by the 2-dimensional boundary
element method’). Results of the optimization are given in
Table 1 and the potential distributions in the optimized
case are shown in Figure 3. The optimized radius(Ac) of
the corona ring normalized by the distance( H1l) between
upper and lower electrodes, is Ac = 0.168, while the
normalized radius(Av) of the vacuum vessel and the width of
upper electrode(2 X Sl1), are selected to be 2.5 and 3.0
respectively. As is shown in Table 1, the deviation from
the linearity of the potential on the y axis(symmetry axis
in Figure la) 1s reduced to less than 10~%4 by the
optimization. The region of the uniform electric field may
not be so wide at higher position (h=0.75, for example), as
is shown in Figure 3, because of the single optimization
parameter of Ac. The height in the trajectory of the ion
is, however, confined below h=0.633 in the design.

The trajectory of the particle in the exit field-free

region is written by the simple equation,

xz(hi+hd)cot9+2.0H1 V}; sin26
b a , (1)
where 6, is the entrance angle in the plane of the
analyzer. Vg is the voltage of the upper electrode. Qp, and
Vp are the charge number and the energy of the beam in the
units of electron volt. Other guantities are shown in

figure 2. By the focusing condition,

o/ -
20=0,

we can have the focusing distance,



2.0v
x =HI Vb sin28(cos260 +1)

b a . (2)

At O = 30 degrees, it has the second order focus in

the injection angle,

2
8%29:0

r

and the longest focus distance(L1),

\"

2 vaa . (3)

IR

The characteristics of the analyzer are conveniently
described by the gain function G{8,¢), the ratio of the

beam voltage to the analyzer voltage,

V
&(8,9)= %
a, (4)

where ¢ is the entrance angle perpendicular to the plane
of analyzer. The gain function is dependent on the beamn

position and can be obtained by modifying equaticn (1),

G(ﬁq))zg_b(L1+<:icos(90)—(hi+hd
21} sin26cos” @

+dcos 00 Jeot B

, (3)

where the detector is slid along the angle of Op from the
position of the second-order focus, with the distance of d.
Figure 4 shows the theoretical gain curves as a function of
the in-plane entrance angle 68, in the case of ® = 0.0 and
80 = 30 degrees, as a parameter of the length(d) of the
slid motion of detectors normalized by the distance between
the input slit and the theoretical focus point(L1). It
clearly shows that the first-order focus point approaches
together as the deviation from the second-focus point gets
smaller and at 8=0, the second-order focus is obtained at
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the inijection angle of 30 degrees. The condition that the
trajectory of the beam must be confined below the upper

electrode, is expressed by

Q
G(@) < %2
sin“ 8. (6)

The gain must be smaller than 8 for doubly ionized

beam for 30 degrees injection angle.
$3 Experimental Results

The selected gain for doubly ionized particles is 5.0
under the condition that the woltage of the upper electrode
should not exceed 100kV for the 0.5MeV beam detection from
the plasma and the beam should not reach the region where
the uniformity of the electric field at higher position( h
=0,75 in Figure 3, for example ) is somewhat degraded
because of the only one optimization parameter of Ac. As
for the physical dimension, the distance between the
electrodes(H1l} is 10cm and the total length of the vacuum
vessel is about Im.

For the tuning of the entrance angles (in-plane and
out-of-plane of analyzer} to 30 and 0 degrees, the whole
vacuum vessel can be tilted in two dimensional directions.
The detector consists of simple four plates to measure the
shift of the beam in two directions, mounted on the
precision slide mount, 30 degrees tc the parallel plate
analyzer. Sliding of the detector of pair plates, along
the 30 degrees slope, is very useful both for the precise
measurement of the in-plane and out-cof-plane entrance
angles of the beam and for tuning the detector position to
the focus point.

In Figure 4, the experimentally obtained values of
analyzer gains are shown in contrast to the theoretically
predicted curves of gains. Open and solid circles are the
gains, when the 350keV Thallium ion beam is injected into
JIPPT-11U tokamak and the T14% beam generated in the plasma
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is detected by this analyzer. The experimental gains are
normalized to the theoretical value of 5.0 at the injection
angle of 30 degrees. The experimental data show that the
focus point 1s shifted by about 5 percents from the
theoretical position. The general trends, however, show
the reasonable agreement with the design curve. It ig
found that the shift of the focus point is due to the
defocusing effect of the rectangular slit holes placed on
the lower electrode for the beam penetration, since the
shift is greatly reduced in the case of fine mesh. The
similar effect is predicted theoretically in the analysis
of the effect of the slit placed on the inner electrode of
a cylindrical mirror analyzer.8) When we use the fine
mesh, the effect of the beam deflection by the very local
field near the lines of the mesh, is observed clearly on
the pair plates of the detector and will cause the error in
the measurement. The detailed discussion on the effect of
the slit on the electrode in the parallel plate analyzer
will be given in a separate paper.

Because of the intense stray light from the plasma,
the current of about 1mA flows from the upper electrode to
the boundary. But the high voltage power supply is highly
stabilized and its effect is smaller by many orders than
the error due to the change of the injection angle. The
error due to the change of the injection angle is less than
0.1 percent when the in-plane injection angle is within
plus and minus two degrees from 30 degrees.

In conclusion the simple shaped upper electrode and
outer boundary of the vacuum vessel is employed in the
high voltage parallel plate electrostatic energy analyzer
irradiated by the intense UV light. It is found that the
focus point is dependent on the separation of the wires of
the mesh on the slit of the electrode. The analyzer
characteristics, however, are found to be in reasonable
agreement to the thecretical estimate and are free from the
error due to the photo-current flowing inte the guard

resistors.
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Figure Captions

Figure 1
Schematics of the parallel plate analyzer, la) Cross-

sectional view of the analyzer, 1lb) side view.

Figure 2

Beam trajecteory in the parallel plate energy analyzer,

Figure 3.
The potential distributions at various heights(h) in
optimized case (Ac=0.168) and non-optimized case (Ac=0.05).

The continuous and dashed lines correspond to Ac = 0.168
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and Ac = 0.05, respectively. All distances are normalized

by the height of the upper electrode(H1).

Figure 4
The theoretical gain functions{dashed lines) and the

experimental data(circles). 8 is the shift of the detector
from the theoretical focus point, along the slope 30
degrees to the parallel plate, normalized by the total
distance between the input slit and thecretical focus

point (L1) . In this case L1 = §4.. The experimental data are
open(® = 5.4%) and soclid(d

2.7%) circles.

Table 1
Potentials at the variocus height{ h ) on the symmetry
axis(x=0 in Figure la and 3), in the case of optimized
radius of coronal ring(Ac=0.168) and in non-optimized
case (Ac=0.05). The potential of the upper electrode is
assumed to be 5 volt. Other parameters of the analyzer are

not sensitive and fixed at values shown in the table.



Schematics of Analyzer{Cross-sectional View)
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Potential Profile
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