1SN 0915-633X

NATIONAL INSTITUTE FOR FUSION SCIENCE

Second Order Focusing Property of 210°
Cylindrical Energy Analyzer

A. Fujisawa, H. Iguchi, M. Sasao and Y. Hamada

{(Received - Oct. 7, 1994 )

NIFS-317 Nov. 1994

This report was prepared as a preprint of work performed as a collaboration |.
research of the National Institute for Fusion Science (NIFS) of Japan. This document is
intended for information only and for future publication in a journal after some rearrange- |
ments of iis contents. f

Inquiries about copyright and reproduction should be addressed to the Research |
g Information Center, National Institute for Fusion Science, Nagoya 464-01, Japan.

i gl

NAGQOYA, JAPAEN



Second Order Focusing Property of 210° Cylindrical Energy Analyzer

A. Fujisawa, H. Iguchi, M. Sasao, Y. Hamada
National Institute for Fusion Science
Furo-cho, Chik@a—ku, Nagoya, Japan
Abstract
It was confirmed experimentally that a 210° cylindrical energy analyzer with
drift spaces has second order focusing. The properties of the analyzer is

deeply dependent on the fringing field around the entrance and exit of the

cylinders.
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I. Introduction
Electrostatic energy analyzers, such as 127.3° cylindrical energy analyzer':?),

30° parallel plate energy analyzer®®

, are widely used in many scientific fields
owing to its simple and economical structure. Particularly, 30° parallel plate
analyzer has excellent properties in terms of both energy resolution and the
focusing property of the beam incident angle. These properties have made
the 30° parallel plate energy analyzer utilized for the heavy ion beam probe
which provides a unique method of diagnosing the electrostatic potential of
the magnetically confined plasma with high electron temperature. However,
the operational voltage of the parallel plate analyzer becomes closer to the
practical limit as the necessary beam energy approaches to more than several
MeV region®9),

On the other hand, the cylindrical analyzer has a potential to be the
analyzer for the MeV range heavy ion beam probe since the operation voltage
can be smaller due to the efficient use of the electric field. However, the
acceptance angle width of the cylindrical energy analyzer is insufficient for
this use; this analyzer has an only first order focusing, while the 30° parallel
plate does second order focusing. The theoretical analysis” was executed
to examine the possibility that the cylindrical analyzer should have second
order focusing by adding drift spaces at both ends of the cylinders, similarly
to the parallel plate analyzer. The result showed that cylindrical energy
analyzers whose angle length are more than 127.3° should have second order
focusing, although the energy resolution should be deteriorated. A cylindrical
analyzer with angle length of 210° was constructed in order to verify the

proposition. This article will report the preliminary results of the second



order focusing property and the energy resolution obtained in the cylindrical

energy analyzer.

II. 210° Cylindrical Energy Analyzer

The schematic view of the 210° cylindrical energy analyzer isillustrated in
Fig. 1. The geometrical parameters in Fig. la are Ro=150mm, /2,=168mm,
R,=132mm. The thickness and height of the cylindrical electrodes, which
are made of aluminum, are 12mm, 120mm, respectively. The positions of the
entrance slit and detector are movable to search better analyzer properties;
H =0~ 90mm, L = 30 ~ 120mm. The height and width of the entrance
slit are chosen to be 10.0mm, 0.5mm, respectively. In order to change the
beam entrance angle, the energy analyzer is set on the table which is rotated
around the entrance slit position. The system permits us to investigate the
dependence of the beam displacement on the beam incident angle AR{A#).

The theoretical analysis assumes that the fringing fields around the ends
of the cylinder are completely confined within finite region represented by
As in Fig. 1; here it is chosen to be Ay = 15mm. In order to satisly this
requirement,, wires of 0.lmm diameter are spaced every lmm on two rectan-
gular holes in the entrance and the exit (see Fig. 1c). The penetration of the
fringing field to the outside should be minimized. Moreover, boundary condi-
tions are important to determine the fringing field structure. Two cylindrical
boards grounded to the vacuum chamber are placed to determine the inner
electrical boundary. They are located at the exact oppesite position of the
the vacuum chamber outer wall around the center of the cylinder; both are

Tomm far from the center radius.



The split plates detector is used since it has sufficient sensitivity to small
beam displacement. With the assumption of the uniform beam current pro-
file, the displacement AR of the beam on the split plates is associated with

the detected current difference as follows,

AR = E (Zout - 3in) : (1)

2 \igut + %n

where iy, %n and w are the currents on the outside, the inside plates and
the entrance shit width, respectively. The position of the center cut of the
split plates is supposed to affect the analyzer property. We prepared, as a
result, several split plates which have the center cuts at the different position

R AR(= R, — By) =0.0, £0.5, £1.0, £1.5mm.

ITI. Experimental Results

This energy analyzer is divided into three characteristic regions; (1) cen-
trifugal electric field (2) fringing field (3) field free regions. The electric field
strength and potential in the centrifugal region are described as

B(R) = 22, ®
${R) = ExRolog(R/Ro) + vo , (3)
respectively, and
V-V
B0 = Folog (/) @
¢0 _ Vn log(Rp/RG) — I/I)k)g(b?n/}i"O) ) (5)

log(£p/ fin)

where V,, V,, represent the voltages on the outside and inside electrodes,
respectively. The charged particle motion in the centrifugal field region de-
pends on only the electric field E.{R). However, the initial condition of the
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particle motion is affected seriously by (R) since the particle will obtain
the potential energy and change its velocity before entering the centrifugal
electric field region. Consequently, the analyzer properties are determined
by four parameter sets; Vg, Va, H, L. Thus, the displacement of the beam on

the split plate detector is generally expressed in the Taylor expansion form

as
AR
Ar = 72.? = CQ(H, L, Vp, V;l)-]-Cl(H, L,Vp, Vn)66
, OR
+Cy(H, L, V,, V,)60 +~--+5—E¢5E+--- ,

(6)
where dR/8E means the energy resolution, and the first through the third
terms dependent on the incident angle 88 represent the focus property. The

condition of the second order focusing is defined by
Ci=C;=0. (M

The characteristics of the ideal 127.3° energy analyzer in the Taylor expansion

form is described as

Ar=_§5e2+~-+aE+---, (8)
where the first order focusing condition is satisfied; C; = 0, C; # 0.

The -procedure to find the second order focusing with different entrance
distances H and different slit plate positions R, was executed using a 10keV
(s* ion beam source located about 5m away from the analyzer. The second
order focusing could be realized only when the center position of the split
plate was located at 0.5mm outside from the center (£, = 150.5mm). When

the center of the split plaie detector was located at 0.0mm, -0.5mm, +1.0mm
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or +1.5mm from the center line, the second order focusing could never be
found so far.

Figure 2 shows the dependence of normalized beam displacement Ar =
AR/ Ry on the beam entrance angle for two cases of A = 45.0mm, 50.0mm.
The close circles show the case of H = 45.0mm, [ = 55.0mm, V,, = 2.636kV,
Vo = —2.414kV. Then Egs. (4, 5) yield Ep = 139.6kV/m, ¢35 = 0.263kV.
The least square method gives the fitting polynomial functions to this case

as

Ar = —0.02960° + 1.64460° — 1.86166" + .- - | (9)

The open circles show the case of I = 50mm, L = 60.0mm with V,,=2.273kV,
Vo = —3.005kV, or Eyp = 147.3kV/m, g = —0.231kV. The fitting function

of this case is then
Ar = —0.02266* + 1.92766° — 1.36366* + --- . (10)

For these two cases, the dependence of the displacement on the beam
energy is indicated in Fig. 3. The fitting functions of # = 45.0mm, 50.0mm

are

Ar = —0.0176c — 0.336* + - - | (11)

Ar = —0.0206c — 0.2526% + - - -, (12)
respectively. Thus, the energy resolution is about -0.02. The value is much
smaller than that of the 127.3° cylindrical analyzer; theoretically 1.

Figure 4 shows the dependence of the focusing property on the voltages
for the case of H = 45.0mm, L = 55mm. The reference curve, which has

been already shown in Fig. 2, is represented by the close circles. The open

circles show the case of V, = 2.641kV, V, = —2.404kV (E, = 139.5kV /m,
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1y=0.270kV). Then the dependence of the displacement on the beam incident

angle is expressed as
Ar = 0.00360 — 0.03460% + 1.71066° — 1.66766* + - - -. (13)

The squares indicate the case with ¥, = 2.631kV, V, = —2.434kV (Ey =
140.0kV /m, 1o = 0.251kV), and the characteristic curve is

Ar = —0.00268 — 0.03360% + 1.61786° — 1.38060° + - - - (14)

These two cases indicate that very small change of the voltages (AV, ~ 5V,
Vi ~ 10 ~ 20V) gives a finite first order coefficient.

Here, we demonstrated two cases where the second order focusing was
found. The following consideration proves that in vicinity of these cases
there should be other parameters to be consistent with the second order
focusing. By differentiating the Eq. {6) around the parameter giving second

order focusing, we obtain

600 800 600 aCO

S M+ SEALY o, At gy AV =0 (15)
801 601 801 ac1 _

oA + - AL+6VAVP+8VAVn_0 (16)

00 np 4 2% a1 4 Py, + L2

OH oL v, av v, At =0 (17)

Corresponding to a finite change of AH, it is possible to find the other
parameters AL, AV}, AV, to satisfy the above relations. Therefore, it is
expected that we should find the other parameters to realize the second

order focusing around the region from H = 45mm to H = 50mm.

IV. Comparison with Theoretical Expectation
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The theoretical analysis”) assumed the electric field parameters defined
in Egs. {2-5)

Bo= 5% to=0 (18)
where K. g represent the beam energy, the charge, respectively. A rather
simple fringing field was adopted to give an explicit analytic solution to the
beam trajectory in the region Ay, Under the conditions of Ay = 0.1R; =
15mm, the theory predicted that the second order focusing should be achieved
when H = 0.160Fy = 24mm, 1. = (.552 B = 82.8mm, AR, = —0.01138; =

—1.6mm. Then, the focusing characteristics and the energy resclution are

given as

Ar = 0.1566° — 0.3666* +-- -, (19)

Ar = —0.168 — 0.146> +--- , (20)

respectively.

In our experiments the second order focus was realized, however, it was
not when these predicted parameters. The actual analyzer allows more va-
riety in the combination of the voltages and the location of the split plates.
If compare Egs. (9-14) with Eqgs. {19, 20), the obtained properties are
worse than the theoretical ones in terms of both energy resolution and the
beamn acceptance angle (indicated by third order coefficient C3). Thus, the
experiment results are consistent with the theory qualitatively but not quan-
titatively.

This discrepancy should be ascribed to the difference between the actual
and the theoretically assumed fringing fields. We searched the second order
focusing with no inner boundary board for all split plate locations. In this

case, we could never find any parameters to satisfy the second order focusing,
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although the first order focusing could be easily obtained for wide ranges of H
and L by adjusting the voltages V;, V. The second order coefficient always
had a negative value C; < 0; the characteristic curve was always parabolic.
In the case with the boundary board, the second order could be realized only
for the special split plate location R, = 150.5mm. These results indicate
that the fringing field plays a very essential role on the analyzer properties.
Therefore, we consider that these properties obtained here should not be
final and can be 1mproved. More appropriate fringing field will be arranged
by changing the location of the boundary boards and the structure of the

cylindrical electrodes around the edges.
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Figure Captions

ig. 1: (a) Schematic view of 210° cylindrical energy analyzer (b) split plate

detector (c} rectangular holes with wires spaced on.

ig. 2: Two cases with second order focusing properties. The closed circles
show the characteristic curve H = 45.0mm, L = 55.0mm, and the open

circles do that of H = 30.0mm,L = 60.0mm.

ig. 3: Energy resolutions of the cases shown in Fig. 2. The closed and
open circles shows those of H = 45.0mm L = 55.0mm, H = 50.0mm
L = 60.0mm, respectively.

ig. 4: Dependence of focusing property on the voltages for the case of H =
45.0mm, L = 55.0mm. The closed circles represent the same curve as

that shown in Fig. 2.
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