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INTRODUCTION 

Because of essential tissue equivalence, plastic sci-

tillators have long recieved wide interest as a promising 

candidate for dosimeric material in the field of gamma-ray 

dosimetry. '' ' However,since common practice to measure 

scintillations from the scintillators basically relies on 

pulse-height measurement with photomultiplier tubes (PMTs) 

requiring the optical coupling between the scintillator 

and PMT to ensure the highest possible light transmission 

efficiency, the size and shape of usable scintillators are 

subject to severe limitations; scintillators in common use 

are mostly of cylindrical shape with a length shorter than 

the diameter , the latter being less than or comparable to 

that of PMTs. We believe that the limitations on the size 

and shape of scintillators have been a great obstacle in 

making full use of the potential advantages of plastic 

scintillators in dosimetric applications. 

In the meantime, we have recently proposed a new 

method of measuring absorbed dose rates in plastic scin

tillators that uses the photon-counting technique for mea

suring the total amount of luminescence from the scintil-
( 3 ) lator exposed to gamma-rays. 

The proposed method permits the optical coupling be

tween the scintillator and PMT to be implemented with an 

extremely low light transmission efficiency in contrast 
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with the existing method. One of the feature of the 

method is such that with a low light transmission effi

ciency there is a great flexibility in selecting the size 

and shape of plastic scintillators suited to paticular ap

plications. Consequently, we have selected long cylin

drical plastic scintillators as a possible solution to the 

problem of developing scintillation dosimeters that can 

offer the feature of high sensitivity and good energy re

sponse as often desired in the area of radiation pro

tect ion. 

In this paper we describe the experiments we have 

made so far in developing those scintillation dosimeters 

with emphasis on some attempts to attain a uniform re

sponse over the whole length of scintillators. 

DETECTOR ASSEMBLY AND MEASURING SYSTEM 

The detector assembly consists of a long cylindrical 

plastic scintillator (NE102A,12mm <£ x 200mm), lucite light 

guides and two PMTs. Fig.l is an illustration of the de

tector assembly. The scintillation light is detected via 

lucite light guides with two PMTs on both sides: An ordi

nary type of PMT (RCA8575), which is optically coupled to 

the scintillator with a relatively high light transmission 

efficiency, is used to detect scintillation events, as it 

is referred to as an "event detector". 

On the other hand, a small fraction of scintillations 

is transmitted through a lucite light guide and a optical 

filter to a particular type of PMT (RCA8850). Since the 

scintillation light pulses thus introduced to the 8850 PMT 

are detected by the photon counting technique, they are 

required to be so weak in optical intensity as to fulfill 

the condition m<<l, where m is the average number of 

photoelectrons reaching the first dynode per pulse. With 

this condition fulfilled,the number of pulses from the 
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8850 PMT should be proportional to the amount of whole 

luminescence produced in the scintillator. ' 

A block diagram of the pulse-measuring system is 

shown in Fig. 2. The pulses from the 8575 PMT are ampli

fied in a conventional way by a preamplifier (PA) and a 

linear amplifier (LA) before they are fed to a timing 

single-channel analyzer (TSCA). The TSCA selects those 

pulses, the pulse heights of which are within the range of 

interest above an electronic noise level, providing output 

pulses delayed a constant time past the peak of the input 

pulses. The output pulses are delivered as gating pulses 

to a linear gate (LG), and are counted at the same time on 

a scaler (Scaler 1, count rate N ). 

The pulses from the 8850 PMT are similarly amplified 

by a preamplifier and a linear amplifier, and the output 

pulses are input to a delay amplifier (DA) to have the 

analog pulses delayed a suitable time. The delayed analog 

pulses are fed to a single-channel analyzer (SCA) through 

a linear gate. Since it is operated with the gating pulses 

mentioned above, the linear gate works so as to reject 

dark current pulses from the PMT and noise pulses. It is 

noted that the 8850 PMT provides a well-defined pulse 

height distribution under the condition of m<<l, one can 

set the SCA window in such a way as to fully cover the 

whole pulse height spectrum. Therefore, the count rate N„ 

of the SCA output pulses as measured on the following 

scaler (Scaler 2) is equal to the total area of the pulse 

height spectrum taken for unit time, and hence represents 

the total amount of luminescence produced in the scintil

lator . 

The count rate N_ is hardly affected by changes in 

gain of the 8850 PMT, but is linearly related to the count 

rate N., whereas the latter might be subject to small var

iations due to gain changes of the 8575 PMT. However, 

since the ratio N-/N is substantially unaffected by the 
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changes in the count rate Nj, we have used the ratio as a 

measure of the optical intensity of scintillations. 

EXPERIMENTAL METHOD AND RESULTS 

The rod plastic scintillator and lucite light guides, 

as shown in Fig.l, are well polished on the surfaces, and 

are surrounded by a black plastic tube (enclosure) of a 

sufficiently larger diameter to leave a definite air gap 

between the scintillator and enclosure. The rod scintil

lator was irradiated perpendicularly to the axis with a 

gamma-ray beam produced from a combination of a lead col— 
13 7 

limator with a hole of 10 mm diameter and a Cs gamma-
ray point source. 

A typical pulse height spectrum from the 8575 PMT is 

shown in Fig.3, that represents the Compton electron 

energy loss spectrum in the scintillator, while a single 

electron pulse height spectrum from the 8850 PMT is shown 

in Fig.4. 

In the first experiment, the optical intensity of 

scintillation light produced at different distances from 

the front end of the scintillator was measured in the 

manner described above under the condition of no reflector 

between the scintillator and enclosure. Secondly, we ex

amined possible effects of a diffusion reflector con

sisting of white paper inserted in non-optical contact 

with the scintillator surface on the uniformity of re

sponse . 

Relative scintillation intensities as measured with 

the 8850 PMT as a function of distance from the front end 

of the scintillator with and without the diffusion re

flector are shown in Fig.5. 
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DISCUSSION AND CONCLUDING REMARKS 

If the rod plastic scintillator and lucite light 

guides with well-polished and non-coated surfaces are sur

rounded by non-reflective material with a difinite air gap 

between them, the scintillation light is transmitted to 

the PMTs only by the inner total reflection from the sur

face; a good uniformity of response could be expected if 

it were not for light attenuation in the transmission 

through the medium. 

The scintillation intensities measured with no dif

fusion reflector present represent an actual light atten

uation in the transmission through the particular scintil

lator; there is a non-uniformity of no less than 30 % in 

the response over the length of the scintillator. 

With a diffusion reflector in non- *.tical contact 

with the scintillator surface, the scintillation light 

which otherwise would escape from the surface is partly 

reflected back into the scintillator. We examined this 

effect in a quantitative manner in the particular case. 

Note that white paper was used as a diffusion reflector on 

the cylindrical surface only in half the length on the 

rear side of the scintillator as indicated in Fig.l. 

The results of Fig.l show that the presence of the 

diffusion reflector permits the uniformity of response to 

be improved considerably; a uniformity within 20 % was 

obtained. 

Obviously, further experiments are needed to realize 

better uniformity of response over the whole length of 

long cylindrical scintillators. In this connection, how

ever, there is a good reason to state that a considered 

choice of the size and form of cylindrical light guides 

and those of the diffusion reflector will make it possible 

to attain a non—uniformity of response to within a few 
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percent. Finally, we are convinced that long cylindrical 

plastic scintillators such as those described here, if 

provided with such a good uniformity of response, will 

find wide application in photon dosimetry, because they 

can fulfill the otherwise contradictory requirement of 

high sensitivity and good energy response. 
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Fig.l Illustration of Detector Assembly 
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Fig. 2 Block Diagram of Measuring System 
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Fig.3 Pulse Height Spectrum from the 

Event Detector 
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Fig.4 Pulse Height Spectrum from the 

Photon Counting Detector 
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Fig.5 Relative Light Intensities As Measured 

with 8850 PMT vs. Distance with and 

without Reflector 
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