
シンチレータの自己放射化を用いた中性子検出技術とその応用  

Neutron detection with the self-activation of a scintillator and its application 
九大医保 1、近大原研 2    ○納冨  昭弘 1、若林源一郎 2 

Kyushu Univ. 1,  Kindai Univ.2,  ○Akihiro Nohtomi1,  Genichiro Wakabayashi 

E-mail: nohtomi@hs.med.kyushu-u.ac.jp 

 

中性子はこれまで、医療ではあまり馴染みのない放射線であった。しかし、近年、医療現場に

おいて中性子測定を必要とする状況が出現している。例えば、高エネルギーX 線による放射線治

療では光核反応に由来した中性子による副作用が懸念されている。一方で、医療現場で簡便に利

用できる中性子測定方法は殆ど存在していない。金箔などを用いた従来の放射化法は優れた方法

ではあるが、治療用 X線装置周りの比較的微弱な中性子に対しては、感度が不足し手間もかかる。 

我々は、高感度かつ簡便な中性子測定方法として、ヨウ素含有シンチレータの自己放射化に基

づく手法を提案している[1]。この方法では、中性子入射によりシンチレータ中に生じる I-128 (半

減期 25分) からのβ線をシンチレータ自身で検出するため、原理的に高感度である。また、市販

の CsI検出器がそのまま利用できるため、比較的安価かつ簡便であることも利点である。 

CsIからの信号は 1分間隔で記録され、計数率の時間変化を半減期 25分で fittingすることによ

り I-128成分が抽出される。β線の検出効率は discrimination levelにより決まり、いくつかの補正

をすることにより放射能が得られる。中性子線量当量の評価にはエネルギースペクトル情報が必

要であるが、異なるフィルター条件での結果をアンフォールディングすることによりエネルギー

スペクトルの近似的な評価が可能である。MPPC読出しでは、CsI中に生じる Cs-134m (半減期 174

分)からの内部転換電子も観測されるので、I-128 とは異

なる中性子エネルギー特性を利用して、フィルター条件

を減らすことができると考えている。 

本手法は、高強度中性子ビームの瞬間的な照射にも適

応できる可能性がある[2]。加速器BNCTのQAの目的で、

中性子エネルギースペクトルを簡便に評価するシステ

ムを検討中である。また、CsIの板を CCDカメラにより

直接観測することにより、中性子分布情報を取得するこ

とを試みている[3]。発光の減衰を fitting処理することに

より I-128および Cs-134mの成分が分離される。 
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attributable to an afterglow of primary radiations. The equation of
fitting curves is given in Eq. (1): correlation coefficient R¼0.9995.
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Please note that the constant B.G. component has been already
subtracted in Fig. 4.

In the additional measurement at a 10 MV linac, four small CsI
plates were simultaneously viewed by the CCD camera and four
decay curves were derived for different ROI settings (i.e. for dif-
ferent neutron fields) as shown in Fig. 5. Decaying components
included in those curves were analyzed in the same manner ap-
plied in Fig. 4. As the result, those curves can be commonly fitted
well with I-128, Cs-134m, B.G. and the quickly-decaying residual
components. By this, the initial luminance values just after the
termination of irradiation had been evaluated for I-128 and Cs-
134m as shown in Table 1.

In Figs. 3–5, time variations of optical signals emitted from a
self-activated CsI scintillator plate are recorded as electric charge
in CCD elements; discrimination setting for individual pulse height
is not available for read-out. Therefore, all optical signals including
B.G. components contribute to the charge integrated in a certain
time period. In this data treatment, energy spectra of radiations
(beta-rays, conversion electrons and gamma-rays) emitted from
the self-activation of CsI are not observable because pulse mea-
surement of each radiation is not allowed. On the other hand,
obtained decay curves of luminance can be fitted well with com-
mon exponential components of known decay constants for I-128
and Cs-134m. So, contributions from different radioisotopes can be
evaluated separately on the basis of time variation and, conse-
quently, quantitative discussion becomes available.

The decay curves mentioned above do not provide direct

information on absolute value of radioactivity because the mea-
surement is based on the detection of integrated charges of dif-
ferent pulses, not a charge of individual pulse. So, in principle, that
is merely a relative measurement and a careful calibration is es-
sential for more detailed discussions. However, such method may
be practically applicable to a simple dose-distribution measure-
ment because a CCD-camera is capable of easily imaging by a
single read-out. Moreover, in this method, differing from other
passive imaging devices, no particular process is required for im-
age read-out, such as laser stimulation for imaging plates [8] or
heating for thermo-luminescence dosimeters [9].

As actual application, there are two possible choices for neu-
tron distribution measurement: (1) using a wide CsI plate like
Figs. 3, 4 and (2) using several small CsI plates positioned at sev-
eral locations like Fig. 5. In addition, individual responses of I-128
and Cs-134m components must provide useful information on
neutron energy, because their cross sections of generation have
different dependencies on neutron energy. By reflecting this si-
tuation, for Pu-Be irradiation in Fig. 4, the ratio of initial luminance
values between I-128 and Cs-134m is 192/116¼1.7, while the va-
lues are 4.7–5.6 for linac irradiation in Fig. 5 and Table 1. Such
difference may come from different neutron energy spectra of the
two fields.

In the present work, through preliminary observations using a
Pu-Be neutron source and a 10-MV linac, it has been revealed that
the CCD read-out technique is applicable to neutron measurement
around a high-energy X-ray radiotherapy machine with the self-
activation of a CsI plate. There are several advantages when that is
used for QA purposes in terms of time saving. In conclusion, CCD
read-out technique with the self-activation of a CsI plate may
provide a possibility of novel method for simple neutron dose-
distribution measurement that is practical in a hospital. Further
developmental work is now planning for this aspect.
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Fig. 5. Time variations of luminance read-out every 1 min from the self-activated
four CsI plates by 10 MV linac. The constant B.G. components have been already
subtracted. ROI settings for four CsI plates are indicated in the inset.

Table 1
Initial luminance values for I-128 and Cs-134m just after the termination of irra-
diation for different locations.

30 cm-upper 30 cm-bottom 60 cm-upper 60 cm-bottom

I-128 3769 2161 1159 1525
Cs-134m 697 388 246 273
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Figure   Time variations of luminance read-out from the 
self-activated four CsI plates by 10 MV linac [3].
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