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Abstract

Electron density in outside region of Hj or D; gas discharge plasma along magnetic field, is
abruptly reduced as H™ or D™ ions are produced. From the region, negative pionlike particles are
extracted together with H™ or D™ ions. Then, a positive bias voltage is necessary for the beam

collector of magnetic mass analyzer.
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In ordinary plasmas, strong electrical interactions between electron bunches and positive ion
bunches are not generated through charge neutralization between electron space charge and positive
ion space charge. But, two exceptional cases are considerable: (1) In the outside region of H or D,
gas discharge plasma along magnetic field, the electron density is abruptly reduced in comparison
to the positive ion density by the volume produced H™ or D™ ions!*% which absorb the low
energy clectrons. Therefore, some strong interactions between the electron bunches and the
positive ion bunches are expected to produce some elementary particles. (2) By decelerating an
electron beam and a positive ion beam magnetically or electrically, an electron bunch and a positive
ion bunch are produced while their two bunches are mixed.

For the above case of (2), we have reported®>) already as productions of pionlike particle 7~
and muonlike particle u~. However, the experimental facts may be difficult to understand as the
electron bunch (magnetical) and the positive ion bunch (electrical) are produced and mixed around
the entrance of magnetic mass analyzer while the mass analysis is done.

In this paper, the above case of (1) will be investigated. Then, some negative charged particles
are extracted from the Hj or D, gas discharge plasma by the typical three extraction electrodes,
where the ordinary magnetic deflection-type mass analysis is tried. Only, it is different from the
ordinary analysis that a positive bias voltage is given for the beam collector of the analyzer.

A schematic diagram of the experimental apparatus is shown in Fig. 1. The apparatus is
constructed from a Hy or D, 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).

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 I ¢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 initial 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, or D, gas pressure is about 1.5 x 103 Torr.



The electron acceleration anode current I is 20A and about 60% of 1 enters the main chamber.
A distance between the sheet plasma center and the first extraction electrode (L) is 7.5 cm. The
plasma density in the center of the sheet plasma is about 10" /cc and the electron temperature is
about 20 eV. The positive ion density in front of the first extraction electrode is estimated to be
about 7.5 x 10%/cc from a positive ion saturation current as Hs*, 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 negaiively charged particies exiracted irom ihe Hp or D, gas discharge piasina, 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 7 of the mass analyzer and the extraction {acceleration) voltage Vg, we can

estimate the mass m of the negatively charged particle by,

Ze {Bpmr)?
2Vg

8.8 x 102 Z (Byr)> me

where e is the electron charge, By is in gauss unit, 7 is In cm unit, Vg is 1n volt unit and me is the
electron mass and Z is the charge number. For the curvature radius r = 4.3 cm of this mass

analyzer, the Eq. (1) is rewnitten by

In the extraction of negatively charged particles, the first extraction electrode (1.) is electrically
floated, whose potential V is about —~15V with respect to the electron acceleration anode (12 in
Fig. 1). A potential Vy; of the second extraction electrode {M) is kept at 100V. The potential Vg of

the final extraction electrode (E) is varied from 400V to 1200V.
. N



An result of the mass analysis for extraction of negatively charged particles from the H; gas
discharge plasma, is shown in Fig. 2. Dependences of the negative current I to the beam collector
on the analyzing magnetic field By are shown under Vi = 400V, 800V and 1200V. In these anal-
yses, the bias voltage Vg of the beam collector is kept at +25V with respect to the mass analyzer.

For Vg = 400V [(1) of Fig. 2], the first peak of negative current I to the beam collector is
seen at By = 276 gauss while the second peak appears at By = 665 gauss. From Eq.(2), we
obtain m; = 284 me for the first peak and m; = 1804 me, assuming that Z = 1. Similarly, for Vg
= 800V [(2) for Fig. 2], the first peak of I" is seen at By = 384 gauss while the second peak
appears at By = 957 gauss. From Eq. (2), we obtain m; = 300 me for the first peak and m; =
1868 me. Finally, for Vg = 1200V [(3) of Fig. 2], the first peak of I is seen at By = 500 gauss
while the second peak appears at By = 1167 gauss. From Eg. (2), we obtain m; = 315 me for the
first peak and m; = 1850 me.

Another result of the mass analysis for extraction of negatively charged particles from the D,
gas discharge plasma, is shown in Fig. 3. Dependences of the negative current I to the beam
collector, on the analyzing magnetic field By are shown under Vi = 400V and 800V. For Vg =
400V [(1) of Fig. 3], the first peak of I is seen at By; = 276 gauss (which agrees with the case of
H; gas), while the second peak appears at By = 931 gauss. From Eq. (2), we obtain m; = 284
me for the first peak and m; = 3532 me. For Vg = 800V [(2) of Fig. 3], the first peak of I' is seen
at By = 384 gauss (which agrees with the case of H; gas), while the second peak appears at By =
1392 gauss. From Eq. (2), we obtain m; = 300 me for the first peak and my = 3950 me.

From the above results for Hy or D, gas plasma, we can estimate that the first particle mass
(mp) is near the typical negative pion mass (= 273 me) within 15% and the second particle mass
(m») is near H™ ion mass (= 1840 me) or I ion mass {= 3680 me) within 7%.

Dependences of the first negative current peak and the second negative peak current on the
beam collector bias voltage Vpc of the mass analyzer, are shown in Fig. 4. The first peak current
(corresponding to the negative pionlike particle &) is varied (20 ~ 30) times by the bias voltages
from OV to 50V while the second peak current (corresponding to the H™ ion) is kept only within
1.3 times. Thus, a difference of physical character between the first peak particle and the second

peak particle is clarified.



In the experiment of Fig. 5, a Cu plate of 0.5 mm in thickness is put in front of the beam
collector of the mass analyzer. Then, the second current peak corresponding to H™ ion disappears
while only the first current peak appears without decay. This experimental fact shows that the
pionlike particle 7z~ penetrates the Cu plate without energy loss. It has been reported” already that
the pionlike 7~ or muonlike particle (- penetrates a metal plate if the positive ions exist behind the
metal plate. In this experiment, those positive ions may be produced by the gas ionization due to
the pionlike particle 7 itself.

We consider that the pionlike particles 7~ outside of the H; or D, gas discharge plasma are

generated by reducing low energy electrons through production of H™ ions or D™ ions. To confirm

this consideration, a He or Ar gas discharge (sheet) plasma wa

a main chamher
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Thus, each mass analysis by the extraction electrodes was tried. As each result, no current peaks of
negative charged particles to the beam collector were observed. Then, each negative current to the
final extraction electrode (Ig in Fig. 1) and the mass analyzer body (Ima in Fig. 1), increased (10 ~
20) times in comparison with the case of Hy or D, gas discharge plasma (normalized by the
positive ion current). This fact means that each electron density (for the He or Ar gas discharge
plasma) in front of the first extraction electrode (L) increased (10 ~ 20) times in comparison with
the case of H, or Dy gas. That is, a normal charge neutralization in the plasma by the He or Ar gas
discharge, is kept between electrons and positive ions. This fact is also confirmed by a Langmuir
probe characteristic in front of the first extraction electrode.

In conclusion, the pionlike particles 7~ generate in outside region of the H; or D, gas
discharge piasma where a charge neutralization between electrons and positive ions is lost
remarkably. To detect the pionlike particles in the mass analyzer, a positive bias voltage with
respect to the mass analyzer, must be given for the beam collector. We consider that the positive
bias voltage of the beam collector is necessary to attract the pionlike or muonlike particles

penetrating the beam collector itself.
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Figure Captions

Schematic diagram of experimental apparatus.

1: Cylindrical plasma in discharge anode. 2: Discharge cathode. 3: H; or D5 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 acceleration anode. 12:
Electron acceleration anode. 13: Floated end electrode. 15: Current to Electron acceleration
anode. CP: Cylindrical plasma. SP: Sheet plasma. B;: Magnetic field. L: First extraction
electrode. M: Second extraction electrode. E: Final extraction electrode. Vy: Potential of

i 1 1 3] 3 7.
second extraction electrode with respect to electron acceleration anode P
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final extraction electrode with respect to electron acceleration anode. Ig : Negative current
to final extraction electrode. MA: I;/‘Iagnetic deflection (90°) mass analyzer. By: Magnetic
field intensity of MA. BC: Beam collector of MA. Vgc: Positive potential of BC with
respect to MA. [ Negative current to BC. Ima: 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.

Dependences (for Hy gas) of negative current I to beam collector on magnetic field
intensity By of MA.

7 First peak of I corresponding to negative pionlike particle. H™: Second peak of 1™
corresponding to hydrogen negative ion. (1): Dependence at final extraction electrode
potential Vg = 400V. (2) Dependence at Vg = 800V. (3): Dependence at Vg = 1200V.
Dependences (for Dy gas) of negative current I on By.

7 First peak of . D™: Second peak of I corresponding to deuteron negative ion. (1)
Dependence at final extraction electrode potential Vg = 400V. (2): Dependence at Vg =
800V.

Dependences of negative current I on By under various beam collector potential Vpe.

7 First peak of I'. H™: Second peak of I corresponding to negative hydrogen ion. 0V,

15V, 25V and 50V: Beam collector (bias) potentials Vg with respect to MA. Vg = 800V,
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Fig. 5 Dependences of negative current I on By under a case setting a Cu plate in front of beam
collector., Vg = 800V,
7 First peak of I corresponding to negative pionlike particle. (H): Position of second
peak of I'". Cu: Copper plate of 0.5 mm in thickness, which shields the surface of beam

collector. (1): Vgc= 25V. (2): Vgc = 50V.
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Appendix

In the above experiments, a question remains: The first peak of I” may be caused by any
unknown mechanism inside the mass analyzer. To dissolve this question, an additional magnetic
field of about 150 gauss by a permanent magnet PM is applied near the extraction electrodes as
shown in Fig. Al. Thus, some negatively charged particles are extracted from the sheet plasma by
the D, gas discharge at an extraction voltage Vg = 800V. Then, as shown in Fig. A1, the first peak
of I corresponding to the pionlike particles, disappears while only the second peak of I” cor-
responding to D™ ions appears. This reason is due to reduction of cyclotron radius of the pionlike
particle 7. That is, the cyclotron radius becomes below 8 cm while the extracted beam orbit of 7~
is curved before entering inside of the mass analyzer. By this experiment of Fig. Al, it is proved
that the pionlike particles are extracted from the sheet plasma.

Dependences of the negative current I” on the analyzing magnetic field By, are shown for
Vg =200V and 400V in Fig. A2, while the first peak of I" disappears for Vg = 200V. We con-
sider a reason that the life time of the pionlike particle 7~ becomes very short. If the like time of 7~
is equal to that of the true pion 7= 2.6 x 1078 sec, the initial first peak current is reduced by a factor
o of exp (-7.4 X 10/\/‘\7;;) which is estimated from the total flight distance of 9.8 cm.
For Vg = 200V, we can estimate & = 5.3 x 1073, That is, for Vg < 200V, the initial first peak
current decays abmptiy.A 1)

" Dependences of the negative current I” on By are shown in Fig. A3 for the first extraction
electrode voltages Vy ranging from —30V to +10V. At the floating potential Vi, = —15V, both the
first and second peak current show a maximum. That is, the first peak current corresponding to the
pionlike particles becomes maximum when the H™ ions are produced most efficiently as reported
already.A 2, A3)

Finally, dependences of the negative current I~ on By for each case of He or Ar gas discharge,

are shown under Vg = 800V in Fig. A4. Both the first peak and the second peak of I" do not

appear except the very small peak due to a small amount of H, gas mixed in the He or Ar gas.



Figure Captions of Appendix
Fig. Al Dependences of negative current I™ on analyzing magnetic field By at an extraction
voltage Vg = 800V under an additional permanent magnetic PM. (See Fig. 1 also).
(1): A case without PM. (2): A casc with PM. 7 Pcak of pionlike particles. D™ Peak of
D7 ions. Ve = 100V,

Fig. AZ Dcpendences of negative current I7 on By for extraction voltages of (1) Vg = 200V and

(2) Vg = 400V.

Fig. A3 Dependences of 1™ on By for the first cxaction clectrode voltages V..

(A): VL =-15V (floating). (B): V. =-30V. (C): VL = +10V.

Fig. A4 Dependences of I on By at Vg = 800V under He or Ar gas discharge.

He gas pressure: 1.8 x 107} Torr. Ar gas pressure: 4.5 x 10~ Torr.
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