~

NATIONAL INSTITUTE FOR FUSION SCIENCE

Simplifiedv,, v Beam Detector and v,, v, Beam

Source by Interactlon between an Electron Bunch T
“and a Positive Ion Bunch |7t

J. Uramoto

(Received - Feb. 10, 1998 )

NIFS-544 : ’ Mar. 1998

ISSN 0915-633X

This report was prepared as a preprint of work performed as a collaboration

reserch of the National Institute for Fusion Science (NIFS) of Japan. This document is

intended for mfomatlon only and for future pubhcatlon in a journal after some rearrange-
ments of its contents.
Inquiries about copyright and reproduction should be addressed to the Research

_Information Center, National Institute for Fusion Science, Oroshi-cho, Toki-shi,

Gifu-ken 509-02 Japan.

RESEARCH REPORT
NIFS Series

NAGOYA, JAPAN



Simplified v;;, V,; beam detector and V,;, V,, beam source

by interaction between an electron bunch and a positive ion bunch

Joshin URAMOTO

National Institute for Fusion Science,

Oroshi-choe, Toki-shi, Gifu, 509-5292, Japan

Abstract

Both positive pionlike (77) and negative pionlike (7~) particles are created by Interaction
between an electron bunch and a positive ion buach which are produced from a low energy (1
KeV) electron beam, a neutral gas and a perpendicular uniform magnetic field. These pionlike
particles are shot into a thick metal plate MP. When positive ions (above a critical ion energy) are
supplied in the opposite side of MP, some negative muonlike particles 1~ appear continuously.
Similarly, when electrons (above a critical electron energy) are supplied in the opposite side of
MP, some positive muonlike particles g* appear continuously. From the thickness of MP,
unknown particles penetrating MP are estimated to be g neutrinos Vy, and anti-i neutrinos \_/y.
These Vy; and Vy sources are very simple as an experimental apparatus and can be developed

much more in comparison with those from the Hj gas discharge.
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We have reported!?) already that positive or negative pions are extracted from outside of a
H; gas discharge along magnetic field, and that g-neutrino and anti-g-neutrino beam are produced
by shooting the positive or negative pion beam into a thick metal plate. In the outside of H; gas
discharge, some high energy components of electron in a plasma are remained as the low energy
components are lost by volume production of H™ ions. Moreover, the high energy electrons are
accompanied with cyclotron motions due to the magnetic field. On the other hand, in the outside,
positive ion beams generate when the outside boundary chamber potential is kept negatively in
respect with the plasma potential (near the discharge anode). Thus, we can consider the high
energy electrons and the positive ion beams as an origin of the pion generation under the Hj gas
discharge.

In this research, a secondary electron beam and positive ton beam which are produced by an
electron beam and a gas, are injected perpendicularly to a uniform magnetic field in order to
resolve mechanisms of the above pion generation, to develop the pion generation much more and
to simplify the pion generation apparatus.

Schematic diagrams of the experimental apparatus are shown in Figs. 1. (It has been report-
ed?) that both positive or negative pionlike particles are created in this experimental apparatus).

The distribution of electrically applied potential are shown in Fig. 2a. The first electron beam
from the electron gun is perfectly reflected in front of the entrance slit S of the magnetic mass
analyzer MA while a plasma is produced by a residual gas (air) ionization. Then, a positive 1on
beam is injected into MA 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 (in) is
decelerated and stopped electrically, and that the second electron beam (e;) suffers a magnetron
(cyclotron) motion in the uniform magnetic field (which is used as the analyzing magnetic field of
MA). As a result, both the electron beam and positive ion beam will be bunched within the small
space at the entrance X of the uniform magnetic field.

Thus, we can expect a coherent interaction between the bunched electrons and positive ions.

Dependences of a positive or negative current F to the beam collector BC on the analyzing
magnetic field By or -By are shown in Fig. 2b and 2¢ for a first electron beam acceleration

voltage V5 of 1 kV. Here, we find that an analyzing relation of the positive or negative muon ptis
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satisfied for the first peak of positive or negative current ¥, if we assume that the effective
acceleration voltage Vg is twice of the first electron beam acceleration voltage V 5 (which means
the additional potential +V = +V, in Fig. 2a). That is, the following relation is found: From the
analyzing magnetic field By where the positive or negative current shows a peak, the curvature
radius  of the mass analyzer and the effective acceleration voltage Vg, we can estimate the mass

m of the positively or negatively charged particle by,

_ Ze (Bwr)
m = ""ovg

8.8 X 1072 Z (By7r)? me
VE

where e 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 ana-

lyzer, the Eq. (1) is rewritten by

From Eq. (2) and the experimental conditions for the first peak of T* of Fig. 2b or 2c, we obtain m
=m; = 200 me under Vg =2V, =2 kV and By = 510 gauss, assuming that Z = 1. This experi-
mental result means that positive or negative muonlike particles y% are produced (because the
typical muon mass is near 207 me).

Moreover, we find the second peak of I in Fig. 2b or 2c. From Eq. (2) and the experimental
conditions, we obtain m = my = 285 me under Vg = 2 kV and By = 595 gauss. This mass my is
near the typical pion mass (273 me). That is, positive or negative pionlike particles 7% are pro-
duced also. In the next experiment, the positive (77) or negative (7-) pionlike particle beam is shot
into a thick (~1 cm) metal plate MP as shown in Fig. 3a. Then, only a negative muonlike 4 beam
is observed in the positive side of MP while only positive ions can diffuse across the magnetic
field (~500 gauss) behind MP from the secondary plasma (S.P. in Fig. 3a) which are produced

around the analyzing magnetic field By or (-Byy) by the injected ion beam IB. and secondary
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electron beam S.E.B.. In comparison with the cases!® of H, gas discharge, this experimental
result of Fig. 3a shows that the pionlike particles 7+ agree with the true pions, and that 4 -neutrino
v, and anti-g-neutrino Vy, beam penetrate the thick metal plate MP.

To confirm these facts furthermore, an external detector <Detector> for [ -neutrino Vy; and
anti-g-neutrino Vy; is arranged as shown in Fig. 3b which is above 50 cm away from the source
<Source> as shown in Fig. 3a across two metal plates (BMP and DMP) and atmosphere. In the
detector side, electron beams (e) or positive ion beams (1) are supplied between the metal plate
DMP (receiving V;; and Vv, beams) and the beam collector BC detecting positive or negative
muon current (¢ + or 4 ~). The electron beams (e) or positive ion beams (i) are extracted from a
discharge plasma between a cold cathode and an anode where a residual gas in the pressure of
about 10~ Torr is used, which can be selected by polarities of two extraction power supplies V|
and V».

When the electron beams (e) in <Detector> are supplied, a positive muon current (i 7) are
observed as shown in Fig. 4a under both the analyzing magnetic field By and ~Buy in <Source>.
Similarly, when the positive ion beams are supplied, a negative muon current ({7) is observed as
shown in Fig. 4b. It should be noted that #* and ©~ do not depend on the polarities of the analyz-
ing magnetic field. These experimental results agree with the cases of the H, gas discharge in
magnetic field which have reported'?) already. However, this method from an electron beam and
a residual gas is very advantageous as the experimental apparatus are simple and can be developed

much more.
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Figure Captions
Fig. laand b Schematic diagrams of the experimental apparatus.
F: Filament as electron emitter. K: Cathode of electron gun. A: Anode of electron gun.
V a: Initial electron acceleration voltage of 1 kV. Ix: Total negative current of 3 mA.
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. I.B.: Ton beam. S.E.B.: Second electron beam. e:
Electrons with cyclotron motions. p*: Positive or Negative muonlike particle. (MA):
Mass analyzer. Fe: Iron. C: Magnetic Coil. (N): North pole of electro-magnet. (S): South
pole. By: Analyzing magnetic field. BC: Beam collector. I*: Positive and Negative
current to BC. $.P.: Secondary plasma inside (MA). X: Entrance of uniform magnetic
field. i: Ton bunch. ¥: Positive or Negative pionlike particle. Neutral gas pressure: 5 X
107 Torr.
¢ Fringe magnetic field distribution.

Bm: Analyzing magnetic field of (MA). Bg: Uniform magnetic field inside (MA). X:
End of uniform magnetic field. S: Entrance slit position. Fe: Magnetic field distribution in
a case using iron plate as D. Cu: Magnetic field distribution in a case using copper plate.

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 Va, is injected into the magnetic field region through S.
Moreover, the stopped beam electrons are reaccelerated electrically toward the gap
between two magnetic poles (N) and (S) through S, while the injected 1on beam 1s
decelerated electrically and stopped in the gap. The electrically reaccelerated electrons are
injected perpendicularly to the magnetic field (Bm) and bunched in cyclotron motions of
small radius.

As shown in Fig. 1b, the above magnetic system is used as a mass analyzer (MA) of

90° type when the beam collector BC is arranged. The analyzing curvature radius r is 43
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Fig. 2

cm.

A magnetic field distribution of the analyzing magnetic field By under a magnetic coil
current of 1A, is shown in Fig. Ic for two different metal plates as the entrance plate
{decelerator D). In this apparatus, the iron (Fe) plate is used and the fringe magnetic field

1s much reduced.

Applied electrical potential distribution.

a V: Electrical potential. V4 Initial potential (veltage) of electron gun anode. VE:
Effective potential for u* (positive or negative muon) and 7+ (positive or negative
pion). eq: Initial electrons from electron gun cathode. e;: First electron beam. es:
Second electron beam. i: Positive ion beam from plasma. i>: 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: Ancde position of
electron gun. S: Slit position of mass analyzer. X: Entrance position of analyzing
uniform magnetic field. +V: Additional potential generated by stopping the positive
ion beam.

b Dependence of the positive beam collector current I* on the analyzing magnetic field
By under the initial electron acceleration voltage V4 = 1 XV and the total anode current
Ir =3 mA.

Neutral gas pressure is | x 167> Torr (Air) in the first electron beam region. f1+:
(means positive muonlike particle). 7*: (means positive pionlike particle).

¢ Dependence of the negative beam collector current I” on the analyzing magnetic field
(—Bw) under the initial electron acceleration voltage V4 = 1 kV and the total anode
curtent Iy = 3 mA.

Neutral gas pressure is | x 107> Torr (Air) in the first electron beam region. {—:

{(means negative muonlike particle). 77 (means negative pionlike particle).



Fig. 3a Source of vV, and \7“. The positive or negative pion mt beams are produced at the

Fig. 4

entrance (X) of uniform magnetic field By or (—Bp) and are shot into a thick metal plate
MP.

S.P.: Secondary plasma around the uniform magnetic field (mass analyzing magnetic
field) By or (—By) which are produced by injection of positive ion beam I.B. and sec-
ondéry electron beam S.E.B.. BMP: Boundary metal plate. Others: see Figure captions of
Figs. 1a and b. Neutral gas pressure: 5 X 107 Torr.

Detector of Vy, and V. The vy and V, beams enter inside of <Detector> through the
detector metal plate DMP.

BC: Beam collector of positive or negative muon (i£* or it ~) beam which is caused by
Vy or \7# and electron beam (e) or ion beam (1). Az and Ky Discharge anode and (cold)
cathode. G: Residual gas (~1073 Torr). V4 Discharge voltage (2 400V). Iz Discharge
(dark) current (~20 gA). E; and E;: Extraction electrodes with multi apertures. V: First
extraction electrode power supply (~£30V). V,: Second (final) extraction electrode (1 V!
> 350V), depends on first electron acceleration voltage V4 in Fig. 3a <Source>). e and i:
Electron beams or positive ion beams which are produced from a very thin plasma by a

discharge between Ay and K. Ins: Insulator for BC. Ip*: Currents to BC.

Characteristics of beam collector current Ip* at <Detector> in Fig. 3b.

a Dependence of the positive muon p* current Ip* at <Detector> on the analyzing
magnetic fields £By of <Source> when the electron beams (e} are supplied at
<Detector>. The initial electron acceleration voltage V = 1 kV and the total anode
current I4 = 3 mA. Natural gas pressures are 1 X 1075 Torr at <Detector> and 5 x 107°
Torr at <Source>. V| = 30V. V,; =350V.

b Dependence of the negative muon u~ current Ip~ at <Detector> on the analyzing
magnetic fields +By; of <Source> when the positive ion beams (i) are supplied at

<Detector>. V| = =30V. V; = -350V.
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Appendix

An experimental verification of metal plate penetration for the y-neutrinos Vy and 1'_'# can be
done only inside the magnetic mass analyzer MA as shown in Figs. 1. Then, the positive pion &*
beam is convenient as the penetration phenomenon appears more clearly in comparison with the
negative pion 7~ beam.

The first experimental arrangement without metal plate inside MA is shown in Figs. Al a and
b while a dependence of the positive current I to BC on the analysis magnetic field By is shown
in Fig. Al c. Next, the second experimental arrangement with a thick (1 mm) metal plate MP
mside MA is shown in Figs. A2a and b where a distance between the MP and the BC is 2.0 cm.
A dependence of the “negative” current I” to BC on By is shown in Fig. A2 ¢. There, the positive
pion 7+ beam seems to change into a negative muon 4~ beam from the curvature radius r = 4.3
cm of MA. That is, as the positive ions (+lons) are supplied behind the MP from the secondary
plasma S.P. around the analyzing magnetic field as shown in Fig. A2 b, the negative muon -
beam is generated by the gt -neutrino Vi beam due to the primary positive pion #* beam. If the
distance between the MP and the BC is changed at 1 cm, the dependence of the I” on By varys as
shown in Fig. A3 ¢ while we can consider two flights for #+ and g~ as shown in Fig. A3b.

Finally, when the negative pion 7~ beam is shot into the MP under the reversed analysis
magnetic field (-By), the I” current peak positions of 7~ or i~ for (-By) do not depend on the

distance MP — BC and the MP itself as shown in Figs. A4a and b.
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Figure captions of Appendix

Figs. Ataand b Schematic diagrams of the first experimental apparatus.

Fig. Alc

7t Positive pion beam. p*: Positive muon beam. By: Analysis magnetic field for
posiiive particies. S5.P.: Secondary plasma {(around By} produced by LB, and SEB..

(See captions of Figs. 1).

Dependence of positive current I' to BC on Bu.
7+ Peak of I'* corresponding to positive pion. t*: Peak of I' corresponding to positive

muon.

Figs. A2aand b Schematic diagrams of the second experimental apparatus.

Fig. A2¢

7*: Primary positive pion beam. MP: Metal plate (1 mm) shot by positive pion z*
beam. MP — BC: 2.0 cm. u~: Negative muon u~ beam which generates from MP
secondarily. I": Negative current to BC.

(See captions of Figs. 1 and Figs. Al).

Dependence of “negative” current I to BC on By.

1 Peak of I” corresponding to negative muon.

Figs. A3aand b Schematic diagram of the third experimental apparatus and Dependence of

“negative” current I to BC on By.

MP - BC: 1.0 cm.

Figs. A4aand b Schematic diagrams of the final experimental apparatus.

Fig. Adc

7~ or ;£ ~: Primary negative pion or muon beam. MP: Metal plate (1 mm) shot by
negative pion 7~ beamn. MP - BC: 2.0 cm. (-By): Reversed analysis magnetic field.
(u~) or (7): Secondary negative muon or pion beam which generates from MP.

(See captions of Figs. 1).

Dependence of negative current I to BC on (-Bwm)-
(i 7): Peak of ™ corresponding to secondary negative muon. (77): Peak of I corre-

sponding to secondary negative pion.
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