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1. INTRODUCTION 

One of the purposes of the HEP (High Energy Particle 

Experiment) of the GEOTAIL satellite launched in 19S2 is elucidation 

of plasma dynamics in the tail region of planetary magnetosphere. 

For that purpose, LD (Low Energy Particle Detector) was onboard 

which mainly observes relatively low energy particles up to a few 

MeV. LD is the particle spectrometer based on TOF techniques 

developed by B.Wilken et al. at Max-Planck-Institut fur Aeronoraie. 

To further confirm its sensitivity to protons of higher energy, beair. 

experiment was carried out at Waseda University using the 

engineering model of the LD spectrometer that is exactly the same as 

launched one. In the following, the features and performances of the 

spectrometer are described and the result of* th3 experiment is 

reported. 

2. LD SPECTROMETER 

Figure 1. shows cross sectional (or top) view of the LD 

spectrometer. Particles coming from the left arrive at the entrance 

(opening angle of +/-6*). After passing through collimators (COLLI, 

C0LL2) incident particles will pass through doubly aluminized 

5|ig/cm2 carbon foil (FOIL), emitting secondary electrons. When 

particles reach silicon detector separated by 34mm from frcnt foil, 

secondary electrons are emitted again from the surface of the 

silicon detector. Secondary electrons emitted froiu the front foil 

(with energy of a few eV) are accelerated by grid of ~lkV positive 

potential and deflected by grid onto microchannelplate (START MCP) 

where start signal is triggered. Similarly secondary electrons 
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emitted from silicon detector are transported to stop MCI? where stop 

signal is triggered. 

Energy signal is obtained by silicon detector (ED) of thickness 
300p.m, of area 5x15mm2. Another silicon detector (BD) is placed 

behind ED and serves as anti-coincidence counter to exclude high 

energy particles. 

LD is capable of applying local electric field between two 

collimators (DEFL) to pass only neutral particles through DEFL. By 

using it, neutral particles of energy about lOOkeV can be measured. 

Local electric field is also used to deflect ions so as to protect 

the spectrometer from large fluxes of low energy ions. 

Figure 2. shows cross-sectional (or side) view of the LD 

spectrometer. Particles coming from the left will enter the entrance 

opening 60*. Together with fast-response anode for timing signal, 

start MCP is followed by the anode divided into four parts to decide 

particle directions with accuracy of 15". Since the spin axis 

corresponds to longitudinal axis in this figure, "differential field 

of view" is 12* in azimuthal angle and 15* in polar angle. 

3. PARTICLE IDENTIFICATION 

LD is designed to identify electrons of 30~400keV, protons of 

30~1500keV, helium ions of 80~4000keV, and heavy ions (mainly C,N,0) 

of 160~1500keV. 

Figure 3. shows relationship between measured time-of-flight 

signal t and energy signal E, and respective limit. Ions of mass m 

correspond to (E, t) events on the line of m=2E(t/s)2 (or within a 

certain domain near the line) . As seen in the figure distance 

between adjacent lines becomes smaller as ions mass increases, thus 

particle identification becomes more difficult for heavier ions. 

Particles of energy more than 1500keV (and less than 4000keV) or 

less than 30keV are identified by t-signal alone. Electrons can be 

identified as particles whose time-of-flight is less than Ins. 

4. DETECTION EFFICIENCY 

Particle flux j is determined by the formula, n=j-£'G, where n 

is the counting rate, e is detection efficiency, and G is geometric 
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factor. G is defined by active area of silicon detector and solid 

angle. As for LD spectrometer, differential G is 2xl0_2cm^*sr and 

total G is 2.4xl0~1cir.2-sr. E is sensitivity of equipment to specific 

ions depending on particle energy and mass. 
Thexe are several factors that determine detection efficiency e 

of the spectrometer: 

a.transmitting probability of incident particle 

Incident ions are scattered in passing through carbon foil. 

Scattering angle is mass— and energy—dependent (larger for heavier 

and slower ions). 

Moreover, incident ions must pass through five transmission 

grids before reaching SSD whose transparency is about 80% for each. 

Thus detection efficiency becomes less than 40% by this factor 

alone. 

b.trigger efficiency of the TOF system 

This is determined by the average number of secondary electrons 

emitted, transport efficiency of secondary electrons, open area 

ratio of MCP, MCP gain, and discriminator threshold level. 

The average number of secondary electrons is mass and energy 

dependent. It is said fission fragments produce a few hundreds of 

secondary electrons, while alpha particles produce 5-10 electrons. 

For protons and electrons, probability of zero electron emission is 

relatively larger, so the average number of secondary electrons (and 

consequently detection efficiency) is small. 

c.detection efficiency of energy detector (SSD) 

The range of electrons in silicon detector is not clear-cut. As 

shown in the right side of figure 3, there is a probability that 

high energy electrons deposit their total energy in thin silicon 

detector. Figure 4 shows experimental setup for detection efficiency 

measurement of SSD for electrons. Figure 5 shows the result of 

experiment and the author confirms that detection probability 

calculated by Berger's theory [1] is valid. 

d.dead time 

This is determined by saturation effects of MCP and dead time 

due to SCU (Signal Conditioning Units) of the LD spectrometer. 

Dominant contribution is attributed to the latter. 
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As described above, detection efficiency is very complicated. 

Therefore, in order to accurately measure flux of plasma particles 

in space it is indispensable to grasp detection efficiency as a 

whole and calibrate it by means of beam experiment on the ground. 

5. EXPERIMENTAL 

Figure 6 shows experimental setup. We use 500~2500keV proton 

beam from the accelerator at Science and Engineering Research 

Laboratory, Waseda University. Beam profile was monitored by quad Cu 

electrode with center hole (~4mm(J>) . In order to reduce beam 

intensity at entrance of the LD spectrometer, protons were scattered 

by Au foil and LD was located in the direction of 30' with respect 

to beam direction. Just in front of entrance of the LD spectrometer, 

was placed Al collimator with aperture of 32mm<|>. A SSD for 

monitoring proton flux was placed by 18mm the side of the aperture. 
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We calculate proton flux at entrance of the LD spectror.eter from 

count rate of the monitor SSD using -well-known Rutherford scattering 

formula. Beam intensity was measured by SSD before and after 

measurement by the LD spectrometer because simultaneous measurement 

•caused terrxble noise in electronics following SSD, 

6.RESULTS AND DISCUSSION 

Figure 7 shows E-t plot measured by the LD spectrometer and 

energy spectrum measured by monitor SSD for 700keV protons. A3 seen 

in the energy spectrum, most of events belongs to lOOkeV peak and 

lower E events seem to be attributed to scattering at Cu electrodes. 

As is seen in the E-t plot higher E events have larger fluctuations 

in their measured time-of-flight, and plots are seen even in the 

domain of adjacent mass (that is electrons and helium ions) for high 

energy protons. 

Figure 8 shows bar graph for 1500keV protons. As mentioned 

above, mass resolution for high energy protons is not so good that 

some protons are identified as electrons or herium ions in this 

figure. Different from figure 3, the whole E-T plane is covered by 

matrixes in actual classification of events. Figure 9 shows one 

example of matrix distribution in E-T plane. It is concluded that 

matrix allocation is also important factor to affect counting rate 

when mass resolution corresponding to the matrix is net so good. 

Table 1 shows the result of counting rate measurement. The 

first column indicates proton flux at entrance of the LD 

spectrometer, which is extracted from counting rate of monitor SSD. 

The second column indicates counting rate of ED (SSD in the LD 

spectrometer). The difference of the above two is due to scattering 

by carbon foil, collision with collimators and grids, dead time etc. 

The third column indicates triple coincidence (E—signal, start 

signal and stop signal) rate. The difference of the above two is 

approximately representing trigger efficiency of the TOF system. 

Overall detection efficiency is around 1% and rather smaller than 

expected. 

There is a possibility to overestimate proton flux at entrance 

of the LD spectrometer. Proton beam was not ideal parallel beam. 
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Particles coming rather obliquely must be excluded from counting 

rare. 

Table 1. Detection Efficiency Measurement 

E(keV) NofS-1) NxCs"1) N2(S-
1) £(N2/N0) 

2000 1069 110 10.5 0.98% 

1067 

1500 2448 250 26 1.03% 

2597 

1300 1091 120 24 1.7% 

1728 

1100 1112 80 9.5 0.90% 

1008 

900 1746 85 18 0.83% 

2603 

700 870 35 12 l^^o 

769 

500 2677 100 35 1.36% 

2484 

7. CONCLUSION 

Mechanism of the LD spectrometer is described. Matrix 

allocation must be carefully done especially in identifying 

particles of critical mass and energy. Overall detection efficiency 

of zhe spectrometer is rather small. These knowledge and experiences 

suggest importance of calibration experiment on the ground and it is 

useful suggestion for the next satellite project, Planev.-B, supposed 

to be launched in 1998. 

A series of experiments was carried out in collaboration with 

B.Wilken, W.Guttler, R.Rathje at Max-Planck-Institut fur Aeronomie, 

T.Koi at STE-laboratory, Nagoya Univ., T.Doke, T.Sakaguchi at 

Advanced Res. Center for Sci. and Eng., Waseda Univ. 
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