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Abstracts 
A new type of neutron spectrometer, based on recoil proton 
measurement, has been developed for diagnosing a DT fusion plasma. 
This spectrometer has such advantages as: 1. direct measurement of 
the neutron energy without the unfolding procedure, 2. relatively 
high detection efficiency for 14 MeV neutrons, 3. a wide dynamic 
range of counting rate, and 4. perfect n-y discrimination. To examine 
the performance of this spectrometer, we developed a Monte Carlo 
simulation code. It predicts that we may achieve energy resolution 
up to 3% with a detection efficiency of 10'5 [count cm2/n] if we could 
successfully adjust the condition of the spectrometer. A prototype 
spectrometer was constructed and was compared with the Monte 
Carlo prediction. The energy resolution of 5.3±.0.7% for 14 MeV 
neutron was obtained for the prototype spectrometer and the 
calculation agrees with the experimental results within its margin of 
error if we take into account the intrinsic energy resolution of the 
detector that is used in the prototype. 

1. Introduction 
A number of diagnostic systems have been developed and 

applied to plasma experiments on magnetically confined fusion 
devices. Among them, neutron measurement gives information 
about the fusion output, the behaviors of fast fusion product 
particles, ion temperatures, deuteron density and so on [1-3). In DT 
burning experiments, many conventional diagnostic devices will 
suffer from the neutron and gumma ray irradiation, and therefore 
the role of neutron diagnostics becomes more important [4]. 

Plasma parameters obtainable from neutron spectrum 
measurement depends on its energy resolution (AR). When it is 
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measured with high resolution, we can determine the plasma ion 

temperature, Tj from the Doppler width, AE D , of the DT neutron peak 

by using the relation of T j i ( A E D / 1 7 7 ) 2 , where Ti and A E D are in 

IkeV]. Generally in large tokamaks such as JT-60U, JET and TFTR, the 

ion temperature of the plasma is about 5 to 30 keV. Therefore, the 

required AR of a spectrometer is about 3% at the DT neutron energy. 

Even if the energy resolution of the spectrum is not fine enough to 

determine T;, the total amount of neutron yield and the spatial 

distribution of neutron emission are obtainable, which are also of our 

great interests. In this case, the energy of the neutron is measured 

in order to identify its origin of the reaction, e.g., DT reaction, DD 

reaction, or (y, n) reaction etc. 

The time resolution is another important parameter of the 

measurement since the plasma parameters are changing with time. 

Because the slowing-down time of 3.5 MeV a-particle (T a ) is one of 

the most important time scales in the fusion experiment (typically, T 0 

>. 10-' sec for the electron density less than 3 x l 0 2 u |electrons/m3| at 

T c = 10 keV), it is preferable to set the time resolution less than 0.1 

sec. In order to get enough count (>.! 0 2 counts) during this period, the 

count rate capability (C c a P) of the spectrometer should be greater 

than 10 3 cps. In the DT experiment at TFTR and JET, the DT neutron 

flux of 10 8 - I 0 ! f > n/seccm 2 is expected at the place where the neutron 

spectrometer is located. To obtain the count rate over 10 3 cps, the 

detection efficiency (rp of the spectrometer must be greater than 10- 5 

countcm 2 /n . 

Therefore, the required performances of the neutron 

spectrometer for DT plasma diagnostics are AR<3%, T | > I 0 - 5 

count cm 2/n, and C c »P>l0 3 cps. 



To satisfy these conditions, a modified recoil counter telescope 

was developed. In a conventional recoil counter telescope, a thin 

polyethylene film is used as a radiator. In the present spectrometer, 

this thin film (~10um) was replaced with relatively thick scintillator 

(2mm) and lite energy deposit of a recoil proton in the radiator was 

measured. With this modification, the detection efficiency was 

increased without deteriorating the energy resolution of the 

spectrometer. The idea is similar to that of the spectrometer being 

suggested by Mozley cl.al.[8] and constructed by Calvert et al.|9) and 

Cellar ct.al.l 10! in the field of nuclear physics. Cellar used stilbene 

scintillator as a radiator and this scintillator was coupled with single 

photomultiplier tube. In the present spectrometer, the NE102A 

plastic scintillator was used with two photomultiplier tubes so as to 

increase the count rate capability and to discriminate the noise of 

PMT signals by coincidence technique. 

Actual sizes and costs are other aspects of a spectrometer for a 

fusion experiment. These are important in measuring neutron 

emission profiles and ion temperature profiles of a plasma since 

certain numbers of detectors are needed to achieve a good spatial 

resolution, and the space around plasma devices to install those 

detectors is usually quite limited. 

In this paper, we show the properties of our spectrometer that 

were obtained through the calculation and experiment. In Chapter 2, 

the detection principle is described and the calculated performances 

of the spectrometer is presented. The experimental results are 

shown in Chapter 3. Finally, the overall performance are discussed 

in Chapter 4 and a conclusion is given in Chapter S. 



2 Estimation of the Spectrometer Performances 

2.1 Principle of Measurement 

The spectrometer consists of two detectors as shown in Fig. 1, 

where neutrons are coming from the left hand side and enter into 

the detector #1 . Some of protons are recoiled by the incident 

neutrons and these protons fly to the detector #2. The volume 

between two detectors is vacuum so that the recoil proton will not 

lose its energy. 

The energy of the incident neutron, E n . can be expressed by 

E„=Epsec2e , (1) 

where Ep represents the energy of the recoil proton and 6 is the 

recoil angle with respect to the incident neutron direction. The recoil 

proton loses a part of its energy in detector #1 , E i , and the rest in 

detector #2, E 2 . Then, 

Ep = E ] + E 2 . (2) 

As can be seen in Fig. 1, the recoil angle of the proton that enters into 

detector #2 is limited by the sizes of detector #1 and #2 and by the 

distance(l) between them. This limitation can be expressed as 

0 < 9 < arctan((ri+r2)/l), or (3) 

l < s e c 2 8 < l+((n+r2)/ t ] 2 , (4) 

where ri and r2 are radii of detector #1 and detector #2. If we 

choose n + r 2 « t , we get sec 2 6 ; l . In this case, Eq.(l) becomes E p r . 

E„. Using this relation and eq.(2), we get 

E n = E i + E 2 (2) ' 
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2.2 Energy Resolution 

Energy resolution of the present spectrometer can be expressed 

as follows 

AE l 0 , 2 = AEdct2 + AEgeo2 <•'' 

AEdct2 = <AEi 2 >i2 + <AE 2

2 >|2 . ( 5 > 

where AEt0t is total energy resolution of the spectrometer. A E ^ is 

energy broadening due to the intrinsic energy resolution of detector 

#1 and #2, and AE g l . 0 that due to the geometrical configuration. < > | 2 

denotes an average over the distribution of (E],E2), which can be 

obtained from the calculation described in chapter 2. The energy 

resolution of each detector (AEj, i=l,2) at a certain energy is 

considered to be proportional to the square root of the energy 

deposit (Ej, i=l,2) in each detector, i.e. 

AEj = aj.(Ei)1/ 2, (7) 

where a; is i parameter determined by calibration experiments, 

using internal conversion electron from 1 3 7 C s and 2 0 7 B i . The result 

are shown in table I. 

There are two types of geometrical effects that appear in the 

energy resolution. One depends mainly on the ratio (n+r2)/t and 

appears in the second term of the eq. (5). This effect strongly relates 

to the restriction on the recoil angle by the configuration of the 

spectrometer. Another effect depends on the thickness of detector 

#1, d| . This effect appears in the first term of eq. (5) through the 

distribution of (Ei, E2), especially when the energy of the incident 

neutron is relatively low. 

5 



2.3 Detection Efficiency 

Total detection efficiency of the spectrometer, Tliot 

|counlcm 2/n), is the product of the neutron detection efficiency of 

the detector #1, T|i ]countcm2/n], and the geometrical efficiency, egCo, 

tliot = l l - E g c o . ( 8 ) 

Here, lgC0- the probability that a recoil proton is detected in the 

detector #2, was determined by a Monte Carlo calculation. T| i can be 

calculated by 

Tit = S i - E p - ( l - e x p ( - £ r d , ) } / S , ( 9 ) 

£p = nuCJpHCE) ( 1 0 ) 

2 , = nHOiH<E) + n cOic(E) ( 1 1 ) 

w h e r e S j :area of detector #1 (=7tr|2 1 c m 2 ) ) 

d i ahickness of detector #1 

SpCEj :macroscopic cross section for (n, p) 

scattering of the detector #1 

£,(E) :macroscopic total cross section of the 

detector #1 

OpH(E) :microscopic cross section for (n, p) 

scattering of Hydrogen atom 

0|,(E) :microscopic total cross section of 

nuclide i (where i= C,H) 

n,:density of nuclide i in detector #1 

Similar to the energy resolution, the thickness of d | and the ratio 

( r i+r2) / t affect on the detection efficiency and their influences appear 

in T) i and e g c ( , , respectively. 



2.4 Monte Carlo Calculation 

Based on the principles described above, we developed a Monte 

Carlo calculation code that simulates the detection process of the 

spectrometer. Using this code, it is possible to estimate the energy 

resolution and the detection efficiency, and consequently to choose a 

suitable configuration for various purposes. 

The calculational model is shown in Fig. 2. The thickness (di) 

and the distance (I) are varied in the calculations. The other 

parameters, such as 62, n and r2, are fixed as shown in table 2. 

'Japanese Evaluated Nuclear Data Library version 3', JENDL3, is used 

as a neutron cross section data set. 

The results of the calculation are shown in Fig. 3. The total 

energy resolution, A E t o l , and the detection efficiency, T),ol, ate 

expressed with contours in these figures. In general, the total 

resolution and the detection efficiency increase as di increases and as 

[ decreases. Both A E I 0 1 and T| I D t do not change with di when d| is 

larger than ~2mm. This length is equivalent to the range of 14.1MeV 

proton in NE102A. When the thickness of the detector #1 is larger 

than the range of the recoil proton, there exists a 'Dead Region'. 

Protons produced here cannot reach the detector #2. As these 

protons only generate accidental coincidence signals, the thickness of 

the detector #1 should be chosen carefully in accordance with the 

energy range of the neutron that we are interested in. 

The increase of AE l o t with di is due to the increase of the 

average ratio of E| to E p , < E i / E p > i 2 , because the energy resolution of 

detector #1 is much worse than that of detector #2 in the calibration 

done here. This average ratio expresses the amount of the 



contribution of detector #1 to the total energy resolution of the 

spectrometer. 

It can be seen in Fig.3(a) that the present spectrometer fulfills 

the requirement of the total detection efficiency for fusion neutron 

measurement, i.e. T)un.> 10-^ | c o u n t s - c m 2 / n ) . at any point of the 

calculated region. It also satisfies the requirement of the energy 

resolution, i.e.. AF. l m/E <. 3%, in a subregion of Fig.3(b). From these 

figures, we can conclude that the thickness (d | ) -0.8mm and the 

distance ((.) - 200mm are the best choice for our purpose. 

i. Exper iment 

A prototype spectrometer was constructed and tested using an 

intense deuterium-tritium neutron source at Osaka University in 

Japan (OKTAVIAN). Monoenergetic neutrons (fwhm^3%) of an 

average energy of 14.8MeV on the zero degree line were used. The 

spectrometer was placed on the line at a distance of 141 cm from the 

target (see Fig. 4). To monitor the flux and energy spectrum of the 

neutrons at this angle, several kinds of activation foils (Al, Ni and Nb) 

and 'timc-of-flight' (TOF) neutron monilor (NI-213) were placed at a 

distance of 21 cm and 646cm from Ihe target, respectively. 

3.1 Prototype Spectrometer 

Figure 5 shows a schematic drawing of the prototype 

spectrometer assembly. A plastic scintillator (NE102A) and a Si(l.i) 

semiconductor detector were used as the detector #1 and #2, 

respectively. The sizes of these detectors are shown in the table 3. 

The plastic scintillator was installed in an aluminum cylinder 

with inner polished surface (hollow light guide) and was optically 

connected to two pholomulliplier tubes through it. These two 



photomulliplier tubes (HAMAMATSU RB329-02) were placed to face 

the cylindrical side surface of the scintillator so that they would not 

disturb the incident neutrons and the recoil protons. Since the photo 

tubes did not directly sec the right hand side flat surface of the 

scintillator in Fig .5, this side was coaled with the evaporated 

aluminum in order not lo lose the right going scintillation light and lo 

shield the second detector, optically. On the left hand side flat 

surface of the scintillator, a I.ucite lens was attached lo extract the 

scintillation light effectively to outside from the scintillator 1101-

3.2 Electronics System 

Fig. A shows the block diagram of the electronics system. The 

signal of the detector #i was obtained via two photomultiplier tubes, 

where the fast coincidence technique was applied lo eliminate PMT 

noises. The bias voltage of photomultiplier tubes was adjusted so 

that the linear signals of them would have the same pulse height for 

the Compton edge of , - , 7 C s gamma ray. Gale signals for true events 

were generated by the SCA output of TAC, which analyzed the time 

difference between timing signals of the detector #2 and the 

coincidence signals of fast outputs from two photomultipliers of the 

detector #1. The time differences (AT) between the signal from the 

detector #1 and that from the pick-up ring of the accelerator were 

measured to distinguish the neutron events from lhai of target 

gamma rays. 

The time difference signals (AT) and the linear signals of the 

detector #1 and #2 (Li and I.;) were digitized b> three CAMAl" ADCs 

(LeCroy 3512) using a 'evenl-by-event' mode. These data were 



stored in the vector form of (L1.L2.AT) in a personal computer (NEC 

PC9801). 

The counting rate of detector #1, CR], after the coincidence of 

two photo tubes, and the coincidence event rate of the detector #1 

and #2, CR C 0 , were recorded by scalars and was used to estimate the 

detection efficiency and accidental coincidence rate. 

The zero offsets of the electronic system in the Li and L 2 

signals were determined by using a mercury pulser. 

3.3 Experimental Result 

The monoenergetic neutron events are expected to appear on a 

specific linear line in an E1-E2 plane due to the relation of eq.(2). 

Figure 7 shows an example of (Li.Lj) distribution obtained in our 

experiment. In Fig.7(a), events due to the DT neutrons appear 

around a line I with a certain broadening of AL(Li. L 2). This 

broadening was mainly caused by the intrinsic energy resolutions of 

the detector #1 and #2. 

The data shown in Fig.7(a) includes all events, i.e. the events 

due to the target y-ray, the accidental coincidence and the true 

events. Most of the events due to the target y-ray can be 

discriminated by the AT signal. Fig. 8 shows the histogram of AT. In 

this figure, the right peak and the left peak correspond to the events 

of the target y-rays and those of the DT neutrons, respectively. 

Fig.7(b) and (c) shows the distribution of (Li,L2) due to the y-ray and 

neutron, respectively. The y-ray events concentrate around the 

lower left side corner of the distribution because the detector #1 and 

#2 do not have enough thickness for y-rays and Compton electrons to 

lose large amount of their energy. This is a big advantage of our 
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spectrometer. Using this feature, we can easily discriminate the v-

ray events from the DT neutron events without using the AT signal. 

To determine the effect of accidental coincidence, the 

background run was also performed, where a Ta plate was placed 

between detector #1 and #2. Fig. 7(d) shows the result of 

background run, where the y-ray events identified by the AT signal 

are removed. 

Figure 9 shows the one dimensional pulse height spectrum 

(PHS) that is obtained by projecting the points in Fig. 7 onto the 

vertical axis (La-axis) along the line I. The pulse height spectra 

shown in this figure are normalized with the measurement time and, 

moreover, that of the background run is normalized by the count 

rate of detector #i so that it has same source intensity as the 

foreground run does. The zero points of the electronic system are 

also projected onto LT-axis and they locate at -2.78+.0.04 [ch.] in these 

figures. Fig. 9-(c) shows the PHS due to the true events, which is 

obtained by the subtraction of the background PHS from the 

foreground PHS. 

Measuring the 5.45MeV oe-ray from 2 4 1 A m by Si(Li) detector, 

the energy calibration data was obtained. In Fig. 9-(c), 49.1 channel 

corresponds to the energy of 5.45MeV. 

4. Discussion 

4.1 Energy Resolution of the Prototype Spectrometer 

From the TOF measurement of the neutron between the T 

target and the NE213 detector, it is observed that the energy of the 

neutron on the 0 degree line is about l4.8MeV. This agrees with the 

theoretical prediction. Therefore, the peak position of the PHS in Fig. 

9-<c) is set to be 14.8MeV. By using this result and the projected 
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zero points, this PHS is transformed to the neutron energy spectrum 

as shown in Fig.10. Here, vertical axis is in the unit of 

|n/cm 2seC'MeV], which includes 'dead time' correction factor of ADC 

and efficiency correction factor calculated with the Monte Carlo code 

as shown in Fig.l l . In this figure, the DT neutron peak locates at 

14.8+_0.1MeV. If we calibrate the horizontal axis of the PHS with the 

peak position of the 5.45 MeV a-ray, the DT neutron peak appears at 

3% lower. The difference is likely attributable to lack of calibration 

data point or its too low pulse height. 

The FWHM of the DT peak in Fig.10 is 0.91+0.10MeV, i.e. 

6.1+.0.7%. Considering that the energy broadening of the source 

neutron was about 3.0+_0.4% [11] in this kind of experiment, the total 

energy resolution of the prototype spectrometer is 5.3±0.9%. This 

agrees with the Monte Carlo prediction (5.2%.) within its 

experimental error. 

In the prototype configuration, the restriction on the recoil angle of 

the proton being detected is so tight that the contribution of AEgeo to 

AEi 0 | can be neglected and the total energy resolution of the 

spectrometer ( A E l m ) is determined only by the intrinsic energy 

resolution of the detector #1 and #2 (AEdci) as shown in Fig. 12. Since 

the contribution of A E g c 0 to AE 1 0 t is small enough when the distance ( 

is longer than 180mm, this can be shorten to increase the detection 

efficiency without disturbing the total energy resolution. 

4.2 Detection Efficiency of the Prototype Spectrometer 

The performances of the prototype spectrometer are 

summarized in table 4. The experimental detection efficiencies in 

this table were calculated from the count rates (CRs) and the neutron 

flux ($) using the following equations: 
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Tl.oi = C R c o ^ / i f (12) 

11 = C R , " ™ / * (13) 

Egco = C R c 0

, r u e / CR|«»e <"» 

where the neutron flux ((>) was measured using the activation foil 

and was (2.6+_0.2)x 1 0 3 |n /cm 2 sec] at the place where the 

spectrometer was placed. Using the count rate and the coincidence 

rate at the foreground and background run, the count rate due to the 

true events ( C R ] l r u c , CR c o i r " c ) can be expressed as follows: 

CRjlruc = rnrofc . C R i f o r c <1 5> 

C R c o

, r u c = r„ fore.CR c ofore - f r n

b a c k CRC0I*»<*. ('*) 

Here, the neutron ratio, r„, is the ratio of the neutron events to total 

events and is obtained from the data shown in Fig. 8. Together with 

r„ the count rate of detector #1(CR]) and the coincidence rate 

between detector #1 and #2(CR C 0 ) are shown in table 5. The 

correction factor (f), which eliminates the effect on the accidental 

coincidence rate due to the source intensity difference between 

foreground and background run, can be expressed: 

f = ( C R i f ° r e / CRi»«»ck)2 (17) 

The detection efficiencies shown in table 4 agree with the 

Monte Carlo prediction within its margin of error. These agreements 

in the detection efficiency and the energy resolution prove that the 

Monte Carlo Calculation is proceeded appropriately. 

Since the distance I can be shorten to 180mm without 

deteriorating the energy resolution of the spectrometer, the detection 

efficiency of the prototype can be increased to 2 . 8 x 1 0 - 4 

[count cm 2 /n | as shown in Fig. 12. 
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4.3 Count Rate Capability of the Prototype Spectrometer 
The count rate capability of the whole spectrometer system 

(Qoi c aP) i s determined by the product of the count rate capability of 
the detector #1 (Ci c aP) and the geometrical detection efficiency (e { Co): 

C 1 0 1«P = C i « p . E g C 0 (18) 

In the prototype spectrometer, C)CaP depends on the count rate 
capability of the NIM module and is about 10s cps. Since EgCo is about 
10-3, the C l o t c a P of the present system is about 10 2cps. 

A new spectrometer system, which uses fast NIM modules and 
has shorter I (=180 mm), is under development. In this new system, 
the Ci^P is improved to 107cps and £ g Co is doubled. Therefore, it is 
expected that this new system has the total count rate capability of 
up to 2x l0 4 cps , which corresponds to the neutron flux of 10+9 

In/cm2 sec]. 

5. Conclusion 
A new type of neutron spectrometer, based on recoil proton 

measurement, has been developed. The basic performance of this 
spectrometer was examined both by the experiment and calculation. 

It is confirmed by the Monte Carlo Calculation that this 
spectrometer can achieve the required performance of the neutron 
energy spectrometer for the DT plasma diagnostics, i.e. energy 
resolution < 3% and the detection efficiency >. 10 - 5 [count cm 2/n| for 
14MeV neutron. 

A prototype of this spectrometer was constructed and was 
tested using DT monoenergetic neutron source at Osaka University. 
The energy resolution of 5.3±0.7 [%| and the detection efficiency of 
(1.3+.0.2)xl0~4 Icountcm2/n| were obtained and they agree with the 
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results of the Monte Carlo Calculations within their margin of errors 

if we take the intrinsic energy resolutions of the detectors which 

were used in the prototype. The present count rate capability of the 

spectrometer system is about 10 2 |cps|, which are mainly resulted 

from the performances of the NIM modules. By replacing critical 

modules to the fast ones and rearranging the geometrical 

configuration of the prototype, this capability will increase to l f^cps , 

which corresponds to the neutron flux of - 1 0 9 [n/cm 2sec|. 

It is observed that the events due to the Y _ r "y did not affect 

the spectrum of DT neutron. Therefore, this spectrometer is suitable 

for the DT plasma diagnostics since a lot of y-rays are induced by the 

neutrons during discharges. 

Compactness and incxpensiveness are other advantages of the 

present spectrometer although they were not estimated in this text. 

Especially for the profile monitoring of plasma, where a lot of 

spectrometers are expected to be used in a very narrow space, these 

properties become really important. 

Currently, another prototype spectrometer has been under 

development and planned to install in the coming DT experiment at 

TITR. 
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Table 1 Resolution parameter, a, as defined by Eq. (7). In an ideal 
model, measured parameter a of NE102A that Is directly connected to 
the PMT, and that ol SSBD was used for detector #1 and #2, 
respectively. Here, internal conversion electrons from 13?Cs a n o " 
207Bi were used for NE102A and a-particle from 24iAm were used 
for SSBD. In the case of prototype spectrometer, the actual value of 

a i (detector #1) a : (detector #2) 

Idea! 1.38x10-1 3.15x10-3 

Prototype 1.91x10' 1.17x10-2 

Table 2 Sizes of the detector #1 and #2 used In the calculation. The 
thickness (di)and the distance (f) are varied from 0.2mm to 3mm 

detector #1 detector #2 

Radius (r) I mm] 20 2 0 

Thickness (d) lmm| 0.2 - 3 (varied) 3 

Table 3 The sizes of the protofypa spectrometer. The distance 
between detector #1 and 112 are 280mm. * The radius of detector 
#2 is estimated from the six* of it* effective area t> 500mm2). 

detector #1 detector #2 
Type of detector NE102A scintillator Si(Li) detector 
Radius (r) [mm| 21 12.6* 

Thickness (d) Imrnl 2 5 



Tabla 4 Tha parformancas of tha prototypa apactromatar for 14.8MaV 
nautron. 

A E t o t / E [ % | Tllol ! 1 l 
[count c m 2 / n 1; l c o u n l c m 2 / n l 

Egeo 

Experiment 5.3+0.7 ( I . 3 ± 0 . 2 ) x l 0 - 4 I ( 1 . 0 + 0 . l l x l O ' 2 (1 . .U0 .DX10-3 

Calculation 5.2 1.2x10-4 8.9x10-2 1.3X10- 1 

Tabla 5 Liat of CR and r„. Tha ratio of nautron avanta to total avanta 
( r n ) ara oblalnad from tha data ahown In Fig. 8. 

Count Rate of Deteclor#l 
CRifcps] 

Coincidence Rate 
CRco [cps] 

neutron 
ratio: r„ 

Foreground 
run 

320.2+0.3 0.46+0.02 0.83+0.03 

Background 
run 

330.2+0.3 0.057+0.004 0.78+0.08 

True events 265±11 0.34+0.04 -
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Fig 4 Schematic layout or the experimental set up. The distances rrom the 
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141cm, 21cm and 646cm, respectively. 
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c) Foreground neutron events 
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Fig. 7 Obtained (Li ,L2) distribution. Because of the walk of the 
timing signals from the PMTs In the detector * l , the higher portion 
of the Ll signal were lossed. The dlstlbutlons (a),(b) and (c) are 
obtained through the foreground run. The distribution (a) are due to 
whole events, (D) to Y-ray events, and (c) to neutron evnets. The 
distribution (d) was obtained through background run which express 
the (Li,L2) distribution due to the accidental coincidence events. The 
y-ray events are eliminated in the distribution (d). 
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