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Abstract

When positive or negative pions are extracted with (H*, Hy*, H3%) ions or H™ ions and enter a
magnetic mass analyzer MA of 90° deflection type, some problems occur, which are very
different from mass analyses of classical charged particles. Because the pions can penetrate
indirectly metal plates (which include a beam coliector itself of MA) while pi-neutrino V), and anti-
{-neutrino T/ﬂ beams generate. This phenomenon becq‘)me;v. serious when (H*, H,*, H3*) ions or

H™ ions are reflected by a back metal lid plate of MA and are supplied around the beam collector.
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1. Introduction

We have reported!2) already that positive or negative pions and muons are extracted from
outside of a H, gas discharge along magnetic field, and that y -neutrino Vy and anti-{ -neutrino
v jt beams are produced secondarily. These V,, and \7# neutrinos penetrate metal plates MP
easily and generate negative or positive muons in the opposite side of MP if positive ions or
electrons are supplied in the opposite side. Thus, many problems occur in mass analyses by an
ordinary mass analyzer when the pions and muons are extracted with H™ ions or H*, H3* ions. In

this paper, these problems will be shown under a magnetic mass analyzer of 90° deflection-type.

2. Detections of H™, 7, 1~

Schematic diagrams of the experimental apparatus are shown in Figs. 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).

A sheet plasma® is produced to generate H™ ions effectively and in wide area. That is, the
discharge (cylindrical) plasma flow of about 1 ¢cm in diameter is transformed into a sheet plasma
flow of about 3 mm in thickness and about 20 cm in width. The sheet plasma flow enters the
anode through the main chamber (50 cm long). 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
107 Torr. The anode current Ia 1s 20A. 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 10"/cc from a positive ion saturation current as Ha",
while the electron density from the Langmuir probe characteristic is about 10%/cc and the electron
temperature 1s 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.

The negatively charged particles extracted from the H, 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
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field Byy where the negative current to the beam collector BC shows a peak, the curvature radius »
of the mass analyzer and the extraction (acceleration) voltage Vg, we can estimate the mass m of

the negatively charged particle by,

_ Ze (BmrY
m =""9vg

8.8x 102 Z (Byr)? me
= Ve s oot n e e s e

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

In the extraction of negatively charged particles, the first extraction electrode (L) is electrically
floated, whose potential V; is about —10V with respect to the anode (11). A potential Vy of the
second extraction electrode (M) is kept at 100V. A potential Vg of the final extraction electrode (E)

1s 800V.

In this experiment, it is noted that the back space of the beam collector is shielded® perfectly
from the diffusion of positive ions as shown in Fig. 1 (B). The dependences of the negative
current I” to the beam collector on the analyzing magnetic field By are shown in Fig. 2 for the
beam collector potential Vg = 0V and Ve = 100V. Obviously, in a case (1) of Fig. 2, a main
peak of I” at the analyzing magnetic field By = (4.0 x 240) gauss = 960 gauss is corresponding to
H™ ion, assuming that Z = 1 in Eg. (2). That is, we obtain m =~ 1880 mg (near the true mass of H™
= 1842 me) as Vg = 800V. Then, we find that the middle peak of I" at By = (1.54 X 240) gauss =
370 gauss is comesponding to a negative pion, assuming that Z = 1 in Eq. (2). That is, we obtain
m = 278 me (near the true pion mass = 273 me) as Vg = 800V.

Similarly, we find that the first peak of I” at By = (1.33 X 240) gauss = 320 gauss is corre-
sponding to 2 negative muon, assuming that Z = 1 in Eq. (2). That is, we obtain m = 209 me (ncar

the true muon mass = 207 me) as Vg = 800V.
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When a positive potential Ve = 100V 15 applied to the beam collector BC, their peaks of I
increase, as seen in a case (2), about 1.3 times for H™ ion, about 300 times of 7~ or i . These
large apparent increments of negative current peaks under the positive bias potential Ve > 0 of the

beam collector BC, can be explained from assistance of positive ions in front of BCY.

3. Detections of H* (H;*), 7+, u*

Schematic diagrams of the experimental apparatus are shown in Figs. 3. The apparatus is
constructed from the same H, gas discharge plasma with the case of H™, £, g~ in Figs. 1, three
extraction electrodes to extract some “positively” charged particles and the mass analyzer where
the polanty of analyzing magnetic field By, is reversed (to —Byy).

The positively charged particles extracted from the H; gas discharge plasma, are injected into
the agnetic mass analyzer (MA) while each mass of the positively charged particles is estimated
by the same relations of Eq. (1) and Eq. (2) with the case of H™, #—, ¢t~ In the extraction of posi-
tively charged particles, the first extraction electrode (L) is electrically floated, whose potential \'/3
is about —10V with respect to the discharge anode. A potential Vy of the second extraction elec-
trode (M) 1s —100V and a potential Vg of the final extraction electrode (E) in ~800V.

The dependences of the positive current I'" to BC on (—By,) are shown in Fig. 4 for the beam
coliector potential Vg = 0V. Obviously, in Fig. 4, a large peak of I* at =By, = (4.0 x 240) gauss =
960 gauss is corresponding to H* ion, assuming that Z = | in Eq. (2). That is, we obtain m =~
1880 me as i Vg | = 800V. Another large peak of I* at -By, = (6.8 x 240) gauss = 1630 gauss is
corresponding to H3™ ion, assuming that Z = 1 in Eq. (2). That is, we obtain m = 5420 me.

Next, two small peaks of I" to BC are seen in Fig. 4. We find that the first peak at —By, =
(1.35 x 240) gauss = 324 gauss is corresponding to a positive muon {1 *) and the second peak at
—Bm = (1.60 x 240) gauss = 384 gauss is corresponding to a positive pion (%), assuming that Z =
1 in Eq. (2). That is, we obtain m = 210 me (near the true muon mass 207 me) for the first peak
and m = 300 me (near the true pion mass 273 me) for the second peak.

In these detections of the positively charged particles, even if the bias potential Ve of BC is
varied from 100V to 100V, the peak currents of I* are not varied. That is, no apparent current

mcrements are observed in comparison with the cases of the negatively charged particles.
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Thus, we conclude that a pair creation of 7~ (¢7) and * (i) particle is arised outside of the
H, gas discharge plasma in magnetic fields and that the 7~ and g~ particles are detected easily as
the apparent current to BC of MA increases extremely when positive bias voltage is applied to BC

and positive ions are supplied in front of BC through reflection of H™ ions as shown m Fig. 1 (B).

4. Problems of mass analyzer for 7~ and ©*

When negative pion 7~ beam or positive pion #* beam is shot into a thick metal plate MP, the
7~ or 7 beam generates a (4-neutrino V), beam or an anti-{ -neutrino \—’,u beam which penetrates
MP easily. Then, if the positive ions (above a critical energy) are supplied behind MP, a negative
muon i~ beam appears continuously behind MP. Thus, some problems occur when negative
pions 7~ or positive ions 7+ are extracted with H™ ions or H* (H3*) ions from outside of the H;
gas discharge and are analyzed by the magnetic mass analyzer of 90° deflection type. The insides
of the mass analyzer and the magnetic field distribution are shown in Figs. 5 where the back metal
plate BMP reflects H™ ions (as H* ions) and the insulator Ins interrupts the diffusion of H* ions
behind the beam collector BC. Dependences of the beam collector current I on the analysis
magnetic field By are shown in Fig. 2 when the BMP and the Ins exist inside the mass analyzer
MA.

In the first stage of the following experiments for extraction of negatively charged particles,
the BMP is removed as shown in Fig. 6 (A) from the MA while dependences of the negative
current I” are shown in Fig. 6 (B). We find that an apparent increment of the I" of 7~ or u~ due to
the positive beam collector bias voltage Vpc disappears and a net current of the I" of 7~ or g~
appears independently of V.

In the second stage, the Ins is removed as shown in Fig. 7 (A) while dependences of the I” are
shown in Fig. 7 (B). We find that both the apparent increment of the I” of 7~ or 4™ and the net
current of the I” of 7~ or 1~ disappear even if the beam collector bias voltage Vi 1s given.

In the third stage, both the BMP and the Ins are removed as shown in Fig. 8 (A) while depen-
dences of the I™ are shown in Fig. 8 (B). We find that the apparent increment of the I" of 7~ or u~
disappears and only the net curent of the I” of 7~ or i~ appears.

From the above experimental stages, we can consider that the I” of 7~ or ™ disappears when
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the positive 1ons H* (from H™ ions) reflected by the BMP diffuse behind the beam collecior BC,
and that the 7~ or 4™ seems 1o penetrate the BC indirectly in the case of Fig. 7.

For extraction of positively charged articles (%, u*, H* and H3*), a dependence of the
positive current I" on the reversed analysis magnetic field (—Byy) are shown already in Fig. 4 when
the BMP and the Ins exist inside the MA. Similarly with the cases of negative particles, the I*
current peak of 7 or p* disappears when only the Ins behind the BC is removed as shown in Fi g.
9 (A). That is, the I" peak of ¥ or 4+ appear when the BMP and the Ins exist or when both the
BMP and the Ins are removed. Thus, we can consider also that the 7* or H* seems to penetrate the

BC indirectly when the positive ions H*, Hy* reflected by the BMP diffuse behind the BC.

5. Metal plate (MP) penetration of 7~ inside MA
(1) penetration of negative pion 7~

A potential Vy of the second extraction electrode (M) as shown in Fig. 1 (A) is varied at
300V from 100V while only the I” current peak of £~ and the I current peak of H™ appear as
shown in Fig. 10 (B). For a case without the metal plate MP inside MA as shown in Fig. 10 (A), a
dependence of the I” current on By is shown in Fig. 10 (B) under Vae = 0 (where the BMP and
the Ins exist).

In the first experiment of metal plate penetration of 7~ inside MA, a thick (1 mm) metai plate
MP 1s put as shown in Figs. 11 (A) and (B) where a distance between MP and BC is 2.0 cm.
Then, a dependences of the negative current I~ on By, is shown in Fig. 11 (C). A current peak of I”
appear between 7~ peak and p~ peak for the analyzing magnetic field By,. In the second expert-
ment, the BMP which reflects H™ ions (as H*), is removed as shown in Fig. 12 {A) while the I”
current peak between 7~ and u~ as shown in Fig. 11 (C) disappears.
(2) Penetration of positive pion 7t

A potential Vy; of the second extraction electrode (M) as shown in Fig. 3 (A) is varied at
—300V from --100V while only the I' current peak of #* and the I* current peaks of H* and Hs*
ions appear. For a case without the MP inside MA as shown in Fig. 13 (A), a dependence of the I*
current on (—By) is shown in Fig. 13 (B).

In the first experiment of metal plate penetration of 7* jnside MA, a thick (1 mm) metal plate
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MP is put as shown in Figs. 14 (A) and (B) where a distance between MP and BC is 2.0 cm.
Then, the positive current I" corresponding fo the 7" beam does not appear while a negative
current I” corresponding to a negative muon pt~ beam appeargas shown in Figs. 14 (A) and (B).
This fact is estimated from about twice increment of the analyzing magnetic field (—By) in
comparison with the case of negative pion 7~ in Figs. 11 (A) and (B). Here, if the BMP which

reflects H* and Ha™ ions is removed as shown in Fig. 15, the I” carrent peak of pi~ disappears.

As various references for the (m* — p~) transformation, the third experiment of MP-BC =

1.0 cmn is shown in Figs. 16 (A) and (B), the forth experiment of MP-BC = 3.0 cm is shown in
Fig. 17 where the I” current peak of 11~ disappear, and the fifth experiment of MP-BC=1.2-20
cm and (the thickness of MP) = 8 mm is shown in Figs. 18 (A) and (B). b)f
These phenomena of metal plate penetration for 7~ or 7% can be explainedf\only the 1

-neutrino Vy, the anti-{ -neutrino T/# and the positive ion effects bebind the metal plate MP as

reported1 )-2) already.
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Fig. 1 (A)

Fig. 1 (B)

Fig. 2 (1)

Fig. 3 (A)

Figure Captions
Schematic diagram of experimental apparatus for negative particle detection under H,
gas discharge.
1: Cylindrical plasma in discharge anode. 2: Discharge cathode. 3: H; gas flow. 4:
Discharge power supply. 5: Electron acceleration power supply. 6: Vacuum purip. 7:
Area where cylindrical plasma is transformed into sheet plasma. 8: Insulation tube. 9:
A pair of permanent magnets. 10: Magnetic field coils. 11: Anode. I,: Current to
anode. CP: Cylindrical plasma. SP: Sheet plasma. B;: Magnetic field. L: First extrac-
tion electrode. M: Second extraction electrode. E: Final extraction electrode. Vi
Potential (100V) of second extraction electrode with respect to anode. Vg: Potential
(800V) of final extraction electrode with respect to anode. MA: Magnetic deflection
(90°) mass analyzer. Byy: Magnetic field intensity of MA. BC: Beam collector of MA.
Ve Positive potential of BC with respect to MA. T': Negative current to BC. Hg:
Hydrogen negative ions outside of sheet plasma. H™: Accelerated hydrogen negative
ions. 7g: Negative pion particles outside of sheet plasma. 77: Accelerated negative
pion particles.
Schematic diagram of mass analyzer for negative particle detection.
S: Entrance slit position. X: Entrance of uniform magnetic field.
Ins: Insulator behind BC. +Ion: Positive ions in front of BC. Fe: shows Iron.
Dependences of negative current I to BC on magnetic field By of MA under (1) beam
collector potential Vg = 0V and (2) Vg = 100V.
H: Peak of T corresponding to H™ ion. z: Peak of I” corresponding to negative pion
particle. i Peak of | corresponding to negative muon particle.
Schematic diagram of experimental apparatus for positive particle detection under Hp
gas discharge.
Vu: =100V, Vi: —800V. I*: Positive current to BC. Hg*: Hydrogen positive ions out-
side of sheet plasma. H*: Accelerated hydrogen positive ions. 7 : Positive pion parti-
cles outside of sheet plasma. 7™ Accelerated pion particles.

(See captions of Fig. 1).



Fig. 3 (B) Schematic diagram of mass analyzer for positive particle detection.

Fig.

4

-Bwm: Reversed magnetic field of MA.

Dependences of positive current I* to BC on reversed magnetic field (-By) of MA
under beam collector bias voltage Vg =0 ~ £100V.

7t Peak of I* corresponding to positive pion particle. u*: Peak of I* corresponding to

positive muonlike particle. H* or H3z™: Peak of I* corresponding to H* or H3* ton.

Figs. 5 (A) and (B) Insides of the mass analyzer.

Fig.

Fig.

5(0)

6 (A)
6(B)

-7 (A)

. 7(B)

8 (A)
8 (B)

.9 (A)

BMP: Back metal plate. H*: Reflected hydrogen positive ions (from H™ ions). Ins:
Insulator behind the beam collector BC. C: Magnetic coil. S: Entrance slit (3 mm x 10
mm). (N): North pole of electro-magnet. (S): South pole.

{See Captions of Figs. 1)

Fringe magnetic field distribution at 1A of MA cot current.

By Analyzing magnetic field of MA. Bgo: Uniform magnetic field inside MA. S:
Entrance slit position. X: Entrance of uniform magnetic field.

Inside of MA without back metal plate BMP.

Dependences of the negative current I on the analyzing magnetic field By

(1): Beam collector potential Vg = OV. (2): Vg = 100V. H™: Hydrogen negative
ions. 77: Negative pion. ¢ Negative muon. Vg: 800V, Vy = 100V.

(See Captions of Figs. 1)

Inside of MA without Ins behind BC.

Dependences of the beam collector current I on By,

(1) Vge =0V, (2): Ve = 100V,

Inside of MA without BMP and Ins.

Dependences of the beam collector current I” on By,

(1) Vac = 0V. (2) Ve = 100V.

Dependence of the beam current (positive) I' on the reversed analysis magnetic field
(B 1n a case without only Ins.

H* and H3*: Positive hydrogen ions.



Fig. 9 (B)

Dependence of the I' on (—By) in cases with both BMP and Ins or without both

BMP and Ins.

7*: Positive pions. g*: Positive muons.

Fig. 10 (A) Inside of MA for £~ and H™ without metal plate MP.

BMP: Back metal plate.

Fig. 10 (B) Dependences of the beam collector current I on By

7 Negative pions. H: Negative hydrogen ions.

Figs. 11 (A) and (B) Inside of MA for z~ and H™ with metal plate MP.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

11 (C)
12

13 (A)

13 (B)

14 (A)

14 (B}

15

16 (A)

16 (B)

MP —BC = 2.0 cm.

Dependence of the negative current I on By; under MP.

Inside of MA with MP and without BMP.

*No current peaks of the I” appear.

Inside of MA for #¥ and H*, H3* without MP.

BMP: Back metal plate. 77*: Positive pions. H', H3*: Positive hydrogen jons.
Dependence of the positive beam collector current I* on the reversed analysis
magnetic field (-Byy).

*Vg = 800V. Vy = -300V.

(See Captions of Figs. 3).

Inside of MA with metal plate MP.

MP — BC = 2.0 cm. 7*: Positive pions. k™ Negative muons estimated from mass
analysis.

Dependence of the negative beam collector current I on (-By).

Inside of MA without BMP and with MP.

*No current peaks appear.

Inside of MA with MP is a case of MP - BC = 1.0 cm.

M Negative muons.

Dependence of the negative beam collector current I” on (—Byy).

U~ Negative muons.
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1g. 17 Inside of MA with MP in a case of MP - BC = 3.0 cm.
*No current peaks appear.

ig. 18 (A) Inside of MA with a very thick (§ mm) metal plate MP.
MP-BC=12-20cm.

ig. 18 (B) Dependence of the negative beam collector current I on (—By).
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