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Abstract

The decay time of negative muonlike particle ™ is estimated from the final secondary electron
current characteristic in the beam collector (BC) of the magnetic mass analyzer (MA) where a radio
frequency (RF) bias voltage is applied. The secondary electron current beiween BC and MA is
produced by the final secondary electrons due to g~ and positive ions in MA, which depends on
the RF frequency of the RF bias voltage to BC. When a period of the RF frequency approaches to

the decay time of i, the secondary electron current to BC Gzcreases abruptly (e-folding).
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1. Introduction

Usually, it is easy 10 measure the decay time Ty of low energy negative pion from a flight
distance Iy in free space. Because the typical flight disiance under an acceleration voltage Vg (V) is
estimated by Iz = U7 T =39 X 108 v Ve (cm/sec) x 2.6 x 1078 (sec) = 107! Vg cm and Iris
about 3.0 cm for Vg = 800V in our experiments, (where Uz s & velocity of the pion). On the other
hand, it is difficult within a small experimental apparatus to measure the decay time Ty of negative
muon from a flight distance /,; in free space. Because the typical flight distance under an accelera-
tion voltage Vg (V) is estimated by I, = vy Ty = 4.5 % 10° Vv Vg (cm/sec) X 2.2 x 107® (sec) =
10V Vg cm and Iy is above 3 X 10% cm even if Vg = 800V. (where vy 15 a velocity of the muon).
Thus, in order to measure the decay time of the muon, we must use other measuring methods
except the flight distance.

In our expertments as described later’’, a net current of the muonlike particle 4~ is too small
(around 0.01 yA) to measure the decay time from the ordinary characteristic X ray. Therefore, we
will use the final secondary electrons to measure the decay time Ty of 4~ in this paper. That is, the

following processes are used:

where ey is high energy electron due to the g~ decay, es is the final secondary electron generated
inside of the beamn collector BC of the mass analyzer, N is number of es and v 1s a neutrino.

As reported already'’, the secondary electrons Neg inside of BC induce a greatly increased
electron current between BC and MA when a dc positive bias voltage is applied to BC and positive
ions exists in front of BC. Then, if a radio frequency (RF) bias voltage i1s applied to BC instead of
the dc bias voltage, the secondary electron current characteristic will depend on the RF frequency
through the period.

In this paper, a measuring method of the 1~ decay time will be found from a relation between

a characteristic frequency of the applied R¥ voltage and the 4~ decay time.



2. Pre-experiment (1)

Schematic diagrams of the experimental apparatus are 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).

A sheet plasma? is produced to generate H™ ions effectively and in wide area. That is, the dis-
charge {cylindrical) plasma flow of about I c¢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 55 eV. The sheet plasma flow enters the electron acceleration
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
10~ Tom. The electron acceleration anode current I, is 20A. A distance between the sheet plasma
center and the first extraction electrode (L) i1s 7.5 cm. The plasma density in the center of the sheet
plasma is about 10'!/cc and the electron temperature is about 20 €V. 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 Hs*, while the electron density from the Langmuir probe characteristic s about 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.

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 | cm) while each mass of the
negatively charged particle 1s estimated by the following relations: From the analyzing magnetic
field Byy where the negative current to the beam collector BC shows a peak, the curvature radius r
of the mass analyzer and the extraction (acceleration) voltage Vg, we can estimate the mass m of

the negatively charged particle by,

Ze (Byr)?
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where e is the electron charge, By 1S 1n gauss unit, 7 1s in cm unit, Vg 1s in volt umit and me 1s 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) 1s rewriiten 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 electron acceleration anode. A poten-
tial Vy of the second extraction electrode (M) is kept at 75V. A potential Vg of the final extraction
eiectrode (E) is 800V.

Thus, as reported in the previous paper”. the negative muonlike particles are extracted with

H™ ions and high energy electrons.

3. Pre-experiment (2)

We have already reportedl) that the charge compensation of the secondary electrons due to
decay of the muonlike particle y4~ needs a large charge effect of positive ions, and that the back
ground low energy electrons within the mass analyzer MA must be removed by arranging a side
metal plate SP as shown in Figs. 2 (A) and (B). The dependences of negative currcnt I” (to beam
collector BC) on the analyzing magnetic field By under Ve = 50V are shown in Fig. 3 for the
two bias voltages Vsp of SP. Moreover, the dependences of the peak current lp (corresponding to
{~) on Vgp are shown in Fig. 4 with the negative current Ig™ to SP. Then, 1t should be noted that
the Ip~ saturates above Vgp = 100V. We can consider that the back ground low energy electrons
within MA are removed above Vgp = 100V sufficiently for increment of the positive ion charge

effect.

4. Experimental Research for [/~ decay time

As shown in Figs. 5 (A} and (B), a RF bias voltage is applied to the beam collector BC
instead of the dc bias voltage. Then, dependences of the negative current I” (1o BC) on the analyz-
ing magnetic field By are shown in Fig. 6 for a RF voltage Vg = 100V (square wave) at a

frequency of RF f= | kHz under Vgp =25V or 100V. A current peak Ip~ of the negative current I
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(to BC) is seen also near the analyzing magnetic field By = 1.3 % 240 gauss (corresponding to the
[ particle). Dependence of the current peak Ip~ on the RF bias voltage Vg under Vgp = 100V and
RF frequency f= 1 kHz is shown in Fig. 7 with a current Is™ to SP, where Ip~ saturates for Vgg >
90V. Next, under Vgrr = 100V, their e-folding values of Ip~ are investigated for the RF
frequencies as shown in Fig. 8. When the Vsp increases, the characteristic frequency for the e-
folding value of Ip~ approaches to about fc = 450 kHz. Obviously, we find that the period of fc
(~2.2 psec) 1s near the decay time of the typical negative muon (2.22 usec). It should be noted that
the characteristic pertod of ¢ agrees with the typical decay time under the two saturated conditions

(Vsp = 100V and Vgg = 100V).
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Fig. 1

Figure Captions

Schematic diagram of experimental apparatus.

1: Cylindrical plasma in discharge anode. 2: Discharge cathode. 3: Hs 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: Electron acceleration anode.
Ta: Current to electron acceleration anode. CP: Cylindrical plasma. SP: Sheet plasma.
Bz: Magnetic field. L: First extraction electrode. M: Second extraction electrode. E:
Final extraction electrode. Va: Potential (75V) of second extraction electrode with
respect to electron acceleration anode. Vg: Potential (800V) of final extraction electrode
with respect to electron acceleration anode. MA: Magnetic deflection (90°) mass ana-
lyzer. Byt Magnetic field intensity of MA. BC: Beam collecior of MA. Vg Positive
potential of BC with respect to MA. I": Negative current to BC. Hg: Hydrogen
negative 1ons outside of sheet plasma. H : Accelerated hydrogen negative ions. mg:
Negative pionlike particles outside of sheet plasma. 4™: Accelerated negative muonlike

particles.

Figs. 2 (A) and (B) Schematic diagrams of mass analyzer MA under arrangement of side metal

Fig. 3

plate SP.

S: Entrance slit. X: Entrance of uniform magnetic field (By). + Ion: Positive ions in
front of BC. Ins: Insulator behind BC. {ey): High energy electrons. (77): Accelerated
negative pionlike particles. SP: Side metal plate (1.5 cm x 1.0 cm). Vgp: Bias voltage
of SP with respect to MA. Ig™: Negative current to SP. C: Magnetic coil. (N): North
pole of electro-magnet. {S): South pole. By: Analyzing magnetic field {uniform). Fe:
shows Iron.

(See Figure caption of Fig. [).

Dependences of negative current I” (to BC) on By for two bias voltages of SP under
Ve =50V,

Vsp = Bias voltage of SP. (1): Vgp = 25V. (2): Vgp = 100V. Ip™: Current peak corre-
sponding to negative muonlike particle g~ Iy Current peak of H™ ion.

— 6 —



Fig. 4 Dependences of Ip™, Iy and Is™ (to SP) on Vgp.

See Figure caption of Figs. 2 and Fig. 3)
= p = b=

Figs. 5 (A) and (B) Schematic diagrams of mass analyzer MA under RF bias voltage.
RF: RF bias voltage applied to BC.

{See Figure caption of Figs. 2}

Fig. 6 Dependence of negative current I (to BC) on By under a RF bias voltage Vg = 100V
of square wave at frequency f= 1 kHz. (1): Vgp = 25V (hias voltage of SP). (2): Vgp=
100V. Ip: Current peak comresponding to negative muonlike particle g~ Iyy™: Current

peak of H™ ion.

Fig. 7 Dependence of negative current peak [p~ on R bias voltage Vg under Vgp = 100V and
RF frequency f= 1 kHz.

Vsp: Bias voliage of SP. Ig™: Current to SP.

Fig. 8§ Dependences of negative current peak Ip on RF frequency funder various bias
voltages Vgp of SP.
Ip™: Current peak corresponding to t. Igy: Ip at f= | kHz. RF voltage: Vgg = 90V

(square wave). f.: Characteristic frequency where {;;decreases 1/2.7
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