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Abstract

It is proved experimentally that a low energy (< 1000 eV) negative muonlike or pionlike parti-
cle beamn produced by an electron bunch and a positive ion bunch, penetrates through a metal plate
of about 1 cm in thickness without energy loss. As a necessary condition, some positive ions are

supplied in the vacuum region after penetration of the metal plate.
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1. Introduction

We have already reportedl the following experimental facts: When a low energy electron
beam (< 1200 eV) is injected perpendicularly to a uniform magnetic field, together with a low
energy positive ton beam which is stopped electrically and the uniform magnetic field is used as a
mass analyzer, two peak of negative current to the beam collector appear at two analyzing
magnetic field intensities which correspond to two relations of negative muon (the mass m; = 207
me and the charge q; = e) and negative pion (the mass m; = 273 me and the charge q; = e, where
me and e are mass and charge of electron). In this new report, some remarkable characteristics of
metal plate penetration for the negative muonlike particle ¢ and pionlike particle 7~ beam, will be

investigated experimentally in order to classify them from usual electron and negative ion beams.

2. Basic Experimental Conditions

Schematic diagrams of the basic experimental apparatus are shown in Fig. 1 and Fig. 2.
The initial or first electron beam (F.E.B.) is stopped critically in front of the entrance slit S by an
electrical potential of the decelerator D connected to the cathode of the electron gun. Next, a neutral
gas is introduced into the first electron beam region and a plasma is produced through ionization of
the gas. Then, positive ions of the plasma are accelerated in front of S while a positive ion beam
with an energy corresponding to the first electron beam acceleration voltage V 5, is injected into the
magnetic field region through S. Moreover, the stopped beam electrons are reaccelerated electri-
cally toward the gap between two magnetic poles (N) and (S) through S, while the injected ion
beam 1s decelerated electrically and stopped in the gap. The electrically reaccelerated electrons are
injected perpendicularly to the magnetic field (By) and bunched in cyclotron motions of small
radius.

As shown in Fig. 2, the above magnetic system is used as a mass analyzer (M.A.) of 90°
type when the beam collector B.C. is arranged. The analyzing curvature radius r is 4.3 cm.
It should be noted that the bias voltage Vg of the beam collector is positive with respect to the
mass analyzer in order to measure a negative charge current.

A fringe magnetic ficld distribution of the analyzing magnetic field By under a magnetic coil

current of 1A, 1s shown in Fig. 3 for two different metal plates as the entrance plate (decelerator
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D) of Fig. 1 and Fig. 2. The iron (Fe) plate ts used and the fringe magnetic field is much reduced.
The distribution of elecirically applied potential are shown in Fig. 4. The first electron beam
from the electron gun is perfectly reflected in front of the entrance slit S of the magnetic mass
analyzer (M.A.) while a plasma is produced by a gas (air) ionization. Then, a positive ion beam is
injected into ML A. through the slit S and the second electron beam is produced by reacceleration of
the plasma electrons. It should be noted that the injected positive ion beam (i) is decelerated and

stopped electrically, and that the second electron beam (e5) suffers a magnetron (cyclotron) motion

in the aniform magnetic field (which is used as the analyzing magnetic ficld of A
both the electron beam and positive ion beam will be bunched within the small space at the
entrance X of the uniform magnetic field. As reported aiready,l we consider that a negative
muonlike 4~ and a negative pionlike 7~ particle beams are produced by a coherent interaction
between the bunched electrons and positive ions. Because we find that the mass analyzing relations
of negative muon and negative pion are satisfied for two peaks of negative current [ to the beam
collector B.C., if we assume that the effective acceleration voltage Vg is twice of the first electron
beam acceleration voltage V. That 1s, the following relation is found: From the analyzing
magnetic field By where the negative current shows a peak, the curvature radius r of the mass

analyzer and the effective acceleration voltage Vg, we can estimate the mass m of the negatively

charged particle by,

_ Ze BwY
m="2vg

8.8 x 102 Z (Byr)? me
= VE 9 e see el ausMAMssiAAAEATIRIaEEIETIEITY I RAT RS as s se e (1)

where ¢ is the electron charge, By is in gauss unit, r is in cm unit, Vg is in 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 rewritten by



In the experiments as reported a]ready,1 we obtain m = my = 206 me for the first peak of I” and

m = my = 290 me for the second peak of I”, assuming that Z = | and Vg =2 V,.

3. New Experimental Research

A schematic diagram of the first experimental arrangement is shown in Fig. 5, where another
negative current collector D.C. is added to measure a diffusional negative current in a back ground
around the negative muonlike g~ or pionlike 7~ particle beam.

Dependences of a negative current I” to the beam collector B.C. and another negative current
Ip to the negative current collector D.C. on the analyzing magnetic field By are shown in Fig. 6 for
various first electron beam acceleration voltage V . These experimental results agree with those of
previous expez‘iments.E That 1s, from Eq. (2), we can obtain m = m; = 210 me for each first peak
of I and m=m; = 290 me for each second peak of I~, assuming that Z =1 and Vg =2 V4.
Besides, large peak values of the electron beam current I are shown near the small analyzing
magnetic field By. (By a fringe effect of By, the exact relation of Eq. (2) is not obtained for the
electron beam). In this experiment, the diffusional negative currents I are measured, where the
area of negative current collector D.C. for I is about 10 cm? and that of the beam collector B.C.
for I” is about 0.25 cm?. Thus, we can determine that each peak negative current density for the
or ~ beam current of Fig. 6, is 26 uA/cm? (for peak of I) or 0.26 gA/cm? (for peak of Ip) in a
case of the initial efectron beam acceleration voltage Va = 400V and the collector bias voltage
Vg =200V. Then, we find that the diffusional negative current density jp is about 1/100 of the
beam collector current density j~. That is, j~ » jp. This fact shows that the negative muontike or
picenlike particle beam concentrates to the beam collector B.C. with the curvature of mass analyzer
r=43cm.

A schematic diagram of the second experimental arrangement is shown in Fig. 7, where a
metal plate (Cu) of about 1 cm in thickness is put behind the source X of negative muonlike or
pionlike particle production in order to research characteristics of metal plate penetration of the i~
or 7~ beam. Dependences of a negative current I” to the beam collector B.C. and another negative
current Ip to the negative current collector D.C. on the analyzing magnetic field By are shown in

Fig. 8. In comparison with the experimental results of Fig. 6, peaks of electron beam current fe
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near the weak analyzing magnetic field disappear while the other resuits are the same almost.
From these experimental results, we may consider that the g~ and 7~ beam penetrate through the
metal plate without energy loss. In the above experiment, positive tons of air (mainly N;_+) are
used. To investigate differences for the gas (air) and for the positive bias voltage Vg of the beam
collector B.C. and the negative current collector D.C. with respect to the mass analyzer, an Ar gas
is introduced in the plasma region (G) of Fig. 7. Then, dependences of I and I, on By are shown
for two bias voltages Vg =200V and Vg = 100V. We find that the experimental features do not
vary in comparison to a case of air and do not depend on {he positive bias voitage V.

A schematic diagram of the third expenmental apparatus is shown in Fig. 10, where the
magnetic mass analyzing region is surrounded by electrically floated metal plates (FMP), in order
to be isolated from the g-, 7~ source X and the secondary plasma S.P. (which is generated from a
mixture of the injecting ion beam L.B. and the secondary electron beam S.E.B.). Morcover, the
mass analyzing region is divided by a metal mesh (1.5 mm x 1.5 mmy} region (1.5 cm X 3 cm)
ME from the secondary plasma S.P. Thus, injections of electrons or positive ions from S.P. into
the magnetic mass analyzing region are controlled by the mesh potential Vg with respect to the
mass analyzer. That is, for Vi =0, the electrons of S.P. are much more injected and for Vg <0,
the positive ions of S.P. are much more injected into the mass analyzing region. At Vg = -100V,
dependences of I” to the beam collector B.C. and the positive ion current IyE to the metal mesh
ME, on By are shown in Fig. 11. We find the similar experimental results {the two peaks of I"} in
comparison to those of Fig. 6 and 8. Next, at Vg =0, dependences of 1™ and the negative current
v to the ME, on By are shown in Fig. 12. Then, we find that the peak of I” corresponding with
the g~ or =~ beam to the B.C., is much reduced. That is, the injection of positive ions into the
mass analyzing region is a necessary condition to lead the ¢~ or 7~ beam to the B.C.

A dependence of the peak value Ip of the 4~ beam current I” on the mesh potential Vg are
shown in Fig. 13. We find that the Ip increases for Vg < —50V with the positive ion current to the
metal mesh ME. A back ground negative current Iga near the B.C. is measured by a negative
current collector as shown in Fig. 10. As a result, the negative current density of I 1s below 1/10

of that of [y in Fig. 11.



4. Discussion

The electron cyclotron radius ree is about 0.3 ¢m near the analyzing magnetic fields Byp
where the two peaks of I” corresponding with the y~ and 7~ appear. Then, the positive ion
cyclotron radius 7¢j is about 60 cm for Nz+ ions. Thus, for the mass analyzing radius r = 4.3 cm,

an estimation is obtained by

T T T CT, oot et et e ev s v s or e bt sttt n et 3

From this estimation, we consider at the By = Byp that electrons of the secondary plasma S.P.

around the mass analyzing region can not enter it’s region except the diffusional components, and

that only the positive ions of S.P. can enter it's region and compensate the space charges of i~ or
7~ beam. Therefore, the space charges of ¢~ or 7~ beam in the previous experimentsl and in the

new experiments of Figs. 5 and 7, are compensated by the positive ions from S.P.

In the new experiment of Fig. 10, a compensation of the space charges for i~ or 7~ beam is
controlled electrically by the mesh potential Viyg. Obviously, the peaks of I” corresponding with
4 or ©~ beam to B.C., much increase for Vyg < 0 which determines injection of positive ions
into the mass analyzing region. Inversely, the injection of positive ions is a necessary condition for
4~ or T beam to penetrate the metal plate without energy loss. Similarly, it is also a necessary
condition to detect the g~ or 7~ beam on the beam collector B.C. at the analyzing position
r=43cm.

These experimental results can not be explained from the ordinary penetration theories of
charged particles (for electrons or ions). Because the g~ or 7~ beam energy is too low to penetrate
the metal plate. As an explanation for the metal plate penetration, we consider the following
Ieasons:

(1) Each Bohr radius of “negative muon or pion atom” at a ground state is much smaller (~10~
2A) than that of “electron atom” (~1A) because the negative muon of negative pion mass is
much larger.

(2) The mean kinetic energies of the g~ or 7~ beam in these experiments are very low (200 eV ~

1600 V) in comparison with the ground state (bounded by nuclei) energy of negative muon




or negative pion atom Eg = -3 KeV ~ -5 KeV (which can be estimated to be 200 ~ 300
times larger that of “electron atom™ Egg = —15 eV).

Thus, the ¢~ or 7~ beam will be able to pass through the numerous intervals of metal nucleis
in scales between ~1A (electron Bohr radius) and ~107%A (negative muon or pion Bohr
radius). Then, in the space (the mass analyzing region) after the penetration of metal plate, the
space charge effects of g~ or 7~ become important for a negative potential build-up due to the
U~ or 7 beam itself and a spatial spread of the y~ or #— beam. It should be noted that the
space charge effects are more serious than those of electron beam as the mass of ™ or 77 1s
much larger than that of electron. Therefore, some positive ions must be supplied into the
space (the mass analyzing region) after the penetration in order to compensate the negative
space charge. For the metal mesh (ME of Fig. 10) potential Vg < 0, the positive ions in the
analyzing region are certainly detected when the floating metal plate (FMP of Fig. 10) 1s

connected to a power supply which is electrically negative with respect to the mass analyzer.
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Fig. 1 and Fig. 2: Schematic diagrams of the basic experimental apparatus.

Fig. 3

Fig. 4

F: Filament as electron emitter. K: Cathode of electron gun. A: Anode of electron gun.
V a: Initial electron acceleration voltage. [4: Total negative current. F.E.B.: First electron
beam. G: Neutral gas. D: Decelerator of F.E.B. S: Entrance slit (3 mm x 10 mm). Ins:
Insulator. [.B.: Ion beam. S.E.B.: Second electron beam. e: Electrons with cyclotron
mottons. 4 : Negative muonlike particle. (M.A.): Mass analyzer. Fe: Tron. C: Magnetic
Coil. (N): North pole of electro-magnet. (S): South pole. By Analyzing magnetic field.
B.C.: Beam collector. I": Negative current to B.C. Vg: Bias voltage of B.C. with respect
to mass analyzer body. S.P.: Secondary plasma generating outside the mass analyzing
region. X: Entrance of uniform magnetic field. i: Ion bunch. 7: Negative pionlike
particle. The neutral gas (air) pressure is about 3 x 107 Torr in the electron gun region
and 1 x 10 Torr in the plasma region (F.E.B. and G in Fig. 2}. The total anode current
(of electron gun) [, is kept to the In = 2.5 mA while the anode (electron gun) voltage V 5
is varied. A bias voltage Vg for the beam collector B.C. and the diffusional current

collector D.C. is usually kept to Vg = 200V.

Fringe magnetic field distribution.

Bai: Analyzing magnetic field of (M.A.). Bo: Uniform magnetic field inside (M.A).
X: End of uniform magnetic field. S: Entrance slit position. Fe: Magnetic ficld distribu-
tion in a case using iron plate as D in Fig. 1. Cu: Magnetic field distribution in a case

using copper plate as D in Fig. 1.

Apphied electrical potential distribution.

V: Electrical potential. V 5: Initial potential (voltage) of electron gun anode. Vg: Effective
potential for g (negative muonlike particle) and 7~ (negative pionlike particie). eg: Initial
electrons from electron gun cathode. e: First electron beam. e3: Second electron beam. it
Positive jon beam from plasma. 1: Second positive ion beam. e-B: Electron bunch due to
magnetic cyclotron motion. i—B: Positive ion bunch due to electrical retardation. K:
Cathode position of electron gun. A: Anocde position of electron gun. S: Slit position of
mass analyzer. X: Entrance position of analyzing uniform magnetic field. +V 5 Additional

potential generated by stopping the positive ion beam.
— 88—




Fig. S

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10

A schematic diagram of the first experimental arrangement.
D.C.: Diffusional negative current collector. In: Negative current to D.C.. Others: (see

Fig. 1 and Fig. 2 captions).

Dependences of a negative current [ to the beam collector B.C. and another negative
current I to the negative current collector D.C. on the analyzing magnetic field By

le: Electron current. 1g (400V): Ie characteristic at the initial electron_ beam acceleration
voltage V5 =400V. I (200V): I" characteristic at V5 = 200V. I” (400V): I” characteristic
at Vo =400V. T (800V): I characteristic at V5 = 800V. Ip (400V): I characteristic at
Va =400V,

A schematic diagram of the second experimental arrangement (for metal plate penetra-
tion).
MP: Metal (Cu) plate of about 1 cm in thickness. Others: (see Fig. 1, Fig. 2 and Fig. 5

captions).

Dependences of a negative current I to the beam collector B.C. and another negative
cuzrent Ip to the negative current collector D.C. on the analyzing magnetic field By (under
metal plate penetration).

17 (200V): I” characteristic at the initial electron beam acceleration voltage V4 =200V. I7
(400V): 1" characteristic at V, =400V. I (800V): I characteristic at V4 = 800V. Ip
(400V}: I; characteristic at Va =400V,

Dependences of I and Ip on By for Ar gas plasma and the positive bias voltage Vg of
B.C. and D.C., V5 =200V or V5 =100V. The Ar gas pressure 1s about 1.5 x 10~ Torr
in the electron gun region and 1 x 107" Torr in the plasma region (F.E.B. and G in Fig.

2).

A schematic diagram of the third experimental arrangement.
ME: Metal mesh (1.5 mm X 1.5 mm) of (1.5 ¢ x 3 ¢m) in area. Vyg: Potential of ME.
Img: Current to ME. FMP: Floating metal plate. g4 Negative current to back ground

collector near B.C. ION: Positive ion current from the secondary plasma S.P.



Fig. 11 Dependences of I” (to B.C.) and Iyg (positive ion current to ME) on By under metal
mesh potential Vg = -100V.,

Ip: Peak value of I”. Ingp: Peak value of e

Fig. 12 Dependences of I” (to B.C.) and Iy (negative current to ME) on By under metal mesh
potential Vg = 0.

Ip: Peak value of I™. Iyggp: Peak value of Iyg.

Fig. 13 Dependence of peak value Ip of I” on the metal mesh potential Vg and dependence of

peak value (Iyep or Iyjep) of metal mesh current Iy on Vyg.
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