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A detection method of negative pionlike particles

from a H; gas discharge plasma

Joshin URAMOTO

National Institute for Fusion Science
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Abstract

The negative pionlike particles 7~ penetrate a metal (or insulator) plate if positive ions
produced secondarily by H ™ ions, diffuse to the back of the plate. Thus, the #~ particles are not
detected by a usual beam collector of mass analyzer using a metal plate. In order to detect the -
particles, we must interrupt the diffusion of the positive ions to the back of the beam collector

while the 7~ particles are confined inside the beam collector and changed into a multiplied electron

cuirent,
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It has been reported? already that negative pionlike particles are generated through some
interactions between the electron bunch and the positive ion bunch. Then, it has been pointed out?
that the negative pionlike (7°) particles penetrate a metal plate if positive ions exist behind the metal
plate. Inversely, if the positive ions do not exist behind it, we can consider that the 7-particles do
not penetrate it and will be confined inside it during their life times. This physical character of the
7 particles become very important when we try to detect the 7~ particles by a beam collector of
the magnetic mass analyzer using a metal plate.

In this paper, a relation between the above character and the positive ions will be investigated
more precisely while a method of effective detection is found for the n~ particles extracting from
the H, gas discharge plasma.

A schematic diagram of the experimental apparatus is shown in Fig. 1. The apparatus is
constructed from a H gas discharge plasma in magnetic fields, three extraction electrodes (with an
aperture of 3 mm in diameter) to extract some negatively charged particles and a magnetic mass
analyzer (90° deflection-type).

More precise schematic diagrams of the magnetic mass analyzer and the extraction electrodes
are shown in Fig. 1 MA and Fig 2 MA. The (fringe) magnetic field distribution is shown in Fig. 3
MA also.

An electron acceleration-type sheet plasma® is produced to generate H™ or D™ ions effectively
and in wide area. That is, the discharge (cylindrical) plasma flow of about 1 ¢m in diameter is
transformed into a sheet plasma flow of about 3 mm in thickness and about 20 cm in width, while
the electron components in the mitial discharge plasma are accelerated near 80 eV. The sheet
plasma flow passes through the electron acceleration anode (12 in Fig. 1) and enters the main
chamber (50 cm long). The electron components in the sheet plasma are reflected by the end plate
which is electrically floated. A uniform magnetic field of about 50 gauss is applied along the sheet
plasma flow in the main chamber where the H, gas pressure is about 1.5 x 1072 Torr. The electron
acceleration anode current I is 20A and about 60% of I, enters the main chamber. A distance
between the sheet plasma center and the first extraction electrode (L) is 7.5 cm. Th; plasma density
in the center of the sheet plasma is about 10! /cc and the electron termperature is about 20 eV. The

positive ion density in front of the first extraction electrode is estimated to be about 7.5 X 10°/ce
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from a positive ion saturation current as H3*, while the electron density from the Langmuir probe
characteristic is about 8.2 x 10%/cc and the electron temperature is about 3.0 eV. That is, the
electron density in front of the first extraction electrode is reduced near 1/10 of the positive ion
density. It is estimated from the beam collector current of the magnetic analyzer that the extracted
H™ ion current density is comparable to the extracted Hs* ion current density.

The negatively charged particles extracted from the H, or D, gas discharge plasma, are
injected into the ordinary magnetic mass analyzer (MA) through the slit (3 mm x 1 cm) while
each mass of the negatively charged particle is estimated by the following relations: From the
analyzing magnetic field By where the negative current to the beam collector BC shows a peak,
the curvature radius » of the mass analyzer and the exiraction {(acceleration) voliage Vg, we can

estimate the mass m of the negatively charged particle by,

Ze (Byr)?
A

8.8x 1072 Z (Bumr)? me

where e is the electron charge, By is in gauss unit,  is in ¢m unit, Vg is in volt unit and me is the
electron mass and Z is the charge number. For the curvature radius » = 4.3 cm of this mass

analyzer, the Eq. (1) is rewritten by

In the extraction of negatively charged particles, the first extraction electrode (L) is electrically
floated, whose potential Vy, is about -5V with respect to the electron acceleration anode (12 in
Fig. 1). A potential Vi of the second extraction electrode (M) is kept at 300V. The potential Vg of
the final extraction electrode (E) is 800V.

In the first experiment, the back space of the beam collector is shieided perfectly from the
mjection of positive ions as shown in Fig. 2 (A). That is, the back space is surrounded by metal
plates and insulators. The dependences of the negative current I to the beam collector on the

analyzing magnetic field By are shown in Fig. 2 (B). The first peak of ™ corresponding to the 7~
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particles and the second peak corresponding to the H™ ions are observed clearly. That is, for Vg =
800V and By = 353 gauss of the first peak,we obtain m; = 253 me (near the typical 7~ mass)
from Eq. (2), assuming that Z = 1. Similarly, for Vg = 800V and By = 940 gauss, we obtain m,
= 1800 me (near the H ion mass).

The positive lon current to the beam collector is about 0.02 yA for the beam collector area
{0.5 cm?), which is measured by giving a deep negative bias voltage (Vgc = -350V) to the beam
collector and under the analyzing magnetic field corresponding to the first peak current of I". The
positive ions may be produced secondarily from the extracting H™ ions. In the back space of the
beam collector of this first experiment, the positive ion current is not observed.

In the second experiment, the positive ions diffuse to the back space of the beam collector
while the back space is open as shown in Fig. 3 (A). Then, the dependences of the negative current
I on By are shown in Fig. 3 (B). The first peak of [ " corresponding to the 7~ particles disappears
while only the second peak of I'” corresponding to the H™ tons appears.

As the third experiment, in addition to the first experiment of Fig. 2 (A), a Cu plate of 0.5
mm in thickness is put partially in front of the beam collector as shown in Fig. 4 (A). The
dependences of I on By are shown in Fig. 4 (B). Then, only the first peak of I corresponding to
the 7~ particles appears. In this case, it is observed clearly the positive ions diffuse behind the
partial Cu plate. As discussed late, the above experimental fact shows that a large part of the 7~
particles penetrate the Cu plate if the positive jons exist behind the Cu plate.

As the forth experiment, in addition to the first experiment, a long Cu plate is put to shield
perfectly from diffusion of the positive ions to the region of the beam collector, as shown in Fig. 5
(B). Then, both the first peak and the second peak of I disappear. This fact shows that the 7~
particles can not penetrate if the positive ions do not exist behind the Cu plate. In fact, the positive
ion current is not collected by the beam collector even if the large negative bias voltage is given.

Usually, a diffusion of back ground electrons inside of the mass analyzer may be induced as
an ambipolar diffusion due to the positive ions. Then, a negative current I of the electrons to the
beam collector may appear. Here, a difference between the penetration phenomenon of the metal
plate and the above electrgn diffusion must be clarified. In the second experiment of Figs. 3 (A)

and 3 (B), we do not detect the negative (pionlike) current peak to the beam collector though the
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positive ions exist around the beam collector. If the first peak of the negative current I” is gener-
ated by the electron diffusion, the first peak must appear also in this case of Figs. 3 (A) and 3 (B).
However, we do not observe the first peak. Therefore, we conclude that the first peak of I” is not
generated by the electron diffusion. Obviously, when the positive ions behind the beam collector
are removed, the negative pionlike current peak appears clearly as seen in the first experiment of
Figs. 2 (A) and 2 (B).

In the third experiment of Figs. 4 (A) and 4 (B), the beam collector is interrupted partially by
the metal plate and the positive ions diffuse in front of the beam collector while a large part of the
negative current peak corresponding to the 7~ particles, appears clearly also. In the forth experi-
ment, the beam coilector is interrupted perfectiy and the positive ions can not diffuse in front of the
beam collector while the negative current peak disappears.

From these experimental facts, we can conclude that the 7~ particles penetrate the metal plate
(or the insulator plate also) if the positive ions diffuse to the back of the metal plate or the insulator
plate. Inversely, the negative current corresponding to the 7~ particles can be detected clearly by
removing or reducing the positive ions behind the beam collector,

When the positive ions behind the beam collector are removed, the 7~ particles can not pene-
trate the beam collector (metal plate) and will be confined inside the beam collector. As a result, a
large electron cutrent generates between the beam collector and the mass analyzer body.

Here, we consider that the 7~ particles inside the beam collector change into electrons which

generate the large electron current.
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Appendix

An arrangement of insulators around the beam collector is shown in Fig. Al (A), which was
used before this paper and was not investigated precisely. Dependences of the negative current I™
to the beam collector on the analyzing magnetic field By, are shown in Fig. A2 (B) correspond-
ingly to the above arrangement.

Another arrangement of insulators is shown in Fig. A2 (A). The dependences of the negative
current I are shown in Fig. A2 (B). There, the first current peak of I corresponding to the a~
particles disappears as the positive ions come from the left side of the beam collector.

iIn Fig. A3, the most practical arrangement of the insulator (Ins) for the dection of the &~
particles is shown, where the diffusion of the positive ions to the back space of the beam collector

is interrupted perfectly and easily.



Fig. 1

Figure Captions

Schematic diagram of experimental apparatus.

1: Cylindrical plasma in discharge anode. 2: Discharge cathode. 3: H, or D, gas flow. 4:
Discharge power supply. 5: Electron acceleration power supply. 6: Vacuum pump. 7:
Area where cylindrical plasma is transformed into sheet plasma. 8: Insulation tube. 9: A
pair of permanent magnets. 10: Magnetic field coils. 11: slit of electron acceleration anode.
12: Electron acceleration anode. 13: Floated end electrode. 15: Current to electron accelera-
tion anode. CP: Cylindrical plasma. SP: Sheet plasma. Bz: Magnetic field. L: First extrac-
tion electrode. M: Second extraction electrode. E: Final extraction electrode. Vy: Potential
of second extraction electrode with respect to electron acceleration anode. Vg: Potential of
final extraction electrode with respect to electron acceleration anode. Ig: Negative current to
final extraction electrode. MA: Magnetic deflection (90°) mass analyzer. By: Magnetic
field intensity of MA. BC: Beam collector of MA. Vgc: Positive potential of BC with
respect to MA. I : Negative current to BC. Ipa: Total negative current to MA. Hg:
Hydrogen negative ions outside of sheet plasma. H™: Accelerated hydrogen negative ions.

7(: Negative pionlike particles outside of sheet plasma. 7: Accelerated negative pionlike

particles.

Fig. | MA and Fig. 2 MA Schematic diagrams of mass analyzer M.A. and the extraction elec-

trodes E.M.L.

E: final extraction electrode (with an aperture of 3 mun in diameter). Vg: Applied volt-
age of E. Ig: Negative current to E. S: Entrance slit (3 mm X 10 mm) of M.A.
Fe: shows Iron. C: Magnetic coil. (N): North pole of electro-magnet. (S): South pole.
Bwm: Analyzing magnetic field. B.C: Beam collector. I : Negative current to B.C. Vg
Bias voltage of B.C. with respect to M.A. X: Entrance of uniform magnetic field. H :

Hydrogen negative ion. 7: Negative pionlike particle.

Fig. 3 MA Fringe magnetic field distribution at (1A of ML.A. coil current).

Bm: Analyzing magnetic field of M.A. Bg: Uniform magnetic field inside of M.A.

S: Entrance slit position. X: Entrance of uniform magnetic field.



Fig. 2 (A)

Fig. 2 (B)

Fig. 3 (B)

Fig. 4 (A)

Fig. 4 (B)

Fig. 5 (A)

Fig. 5 (B)

First experimental condition (positive ions to the back of beam collector B.C. are
interrupted perfectly).
Ins: Insulator behind B.C. + Ion: Positive ions in front of B.C.

(See Figure Captions of Fig. 1, Fig. 1 MA, Fig. 2 MA and Fig. 3 MA also).

Dependences of negative current I” to B.C. on magnetic field intensity By of MA.
7 First peak of I corresponding to negative pionlike particle. H : Second peak of I
corresponding to hydrogen negative ion. (1): beam collector bias voltage Vgc = 0V

with respect to MA. (2): Vpc =25V,

Second experimental condition (positive ions exist around beam collector R.C).

+JIon: Positive ions around B.C.

Dependences of I to B.C. on By of MA.
(77): Position of By for negative pionlike particle. H : Peak of I corresponding to

hydrogen negative ion. (1): Vgc = 0V. (2): Vgc = 200V.

Third experimental condition (in addition to First experimental condition, a metal plate

of 0.5 mm in thickness MP is put partially in front of B.C.).

Dependences of negative current I to B.C. on By of MA.
7 : Peak of I corresponding to negative pionlike particle. (H): Position of By for

negative hydrogen ion. (1): Vgc=0V. (2): Vgc =25V. (3): Vgc = 50V.

Forth experimental condition (in addition to First experimental condition, a metal plate

MP is put to screen B.C. perfectly).

Dependences of negative current I to B.C. on By of MA.

(7): Position of By for . (H ): Position of By for H .



Appendix Figure Captions

Fig. Al (A) Fifth (previous) experimental condition (in addition to Second experimental condi-
tion, two insulators Ins are put behind B.C.).

Fig. A1 (B) Dependence of negative current I to B.C. on By of MA.
: First peak of I corresponding to negative pionlike particle. H : Second peak of
I” corresponding to hydrogen negative particle. (1): Vg = 0V. (2): Ve = 25V.

Fig. A2 (A) Sixth experimental condition (in addition to Second experimental condition, a partial
insulator Ins is put behind B.C.).

Fig. A2 (B) Dependence of negative current I to B.C. on By of MA.
(m): Position of By for 7. H™: Peak of T corresponding to hydrogen negative ion.
(1y: Ve =0V. (2): Ve = 100V.

Fig. A3 Practical insulator arrangement for dection of .
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