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Neutron intensity distribution on a CsI scintillator plate has been observed by a CCD camera 
and analyzed by using a “decaying self-activation imaging technique”. The decaying 
self-activation imaging, which has been proposed recently by our group, is based on the 
analysis of time variation of specific radio-activities generated and remained inside the CsI 
plate after the termination of neutron irradiation. The luminance distributions of a CsI plate are 
recorded every one minute as a series of images by a cooling type CCD camera with a telescope 
lens in a black box. Then the time variations of luminance (mean pixel values) of the images are 
fitted on a “pixel-by-pixel basis” with a multi-exponential function. By this, two components 
of 128I (half life : 25 min) and 134mCs (half life : 174 min) are extracted as the fitting curves. The 
initial luminance values of individual component of radioactivity, which correspond to the 
values at the termination of neutron irradiation, are plotted as separate images. A conversion 
factor between the generated activity in a CsI plate and the observed luminance value is 
evaluated as “light yield”. 
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1.  Introduction 
 

In our previous works [1-4], the self-activation of NaI or CsI scintillator had been 
successfully utilized for detecting photo-neutrons around a high-energy X-ray 
radiotherapy machine; individual optical pulses from the self-activated scintillator are 
readout by photo sensors such as a photodiode (PD) or a photomultiplier tube (PMT). 
Absolute evaluation of neutron intensity is possible by the so-called activation analysis 
with online measurement. Especially, CsI scintillator is only slightly hygroscopic, and 
the light output is easily read out by a PD that does not need high-voltage power supply. 

On the other hand, if the optical signals are readout by a CCD camera, integrated 
intensity is observed as an image [5]. Though this is a relative measurement, neutron 
imaging may be possible through the evaluation of activity distributions. In the present 
work, instead of pulse counting, the scintillation of CsI plate is directly viewed by a CCD 
camera. In this procedure, activity distribution on the CsI plate is observed as luminance 

JPS Conf. Proc. , 011041 (2019)

©2019 The Author(s)

https://doi.org/10.7566/JPSCP.24.011041
24

author(s) and the title of the article, journal citation, and DOI.

Proc. 2nd Int. Symp. on Radiation Detectors and Their Uses (ISRD2018)

011041-1

This article is available under the terms of the Creative Commons Attribution 4.0 License. Any further distribution of this work must maintain attribution to the

Proceedings of the Second International Symposium on Radiation Detectors and Their Uses (ISRD2018)
Downloaded from journals.jps.jp by 九州大学 on 01/23/19

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.7566%2FJPSCP.24.011041&domain=pdf&date_stamp=2019-01-21


 

intensity distribution. A “decaying self-activation imaging technique” is applied for 
neutron imaging analysis. Relationship between the activity generated in CsI and its 
luminance observed by CCD element is examined quantitatively. 
 
2.  Materials and Methods 

2.1 Experimental  

A large CsI plate [7.5 cm × 7.5 cm × 0.2 cm] was irradiated at research reactor 
UTR-KINKI (thermal output 1 W) on the graphite reflector for 2 hours. The CsI crystal 
plate is covered with an aluminum container having a quarts window and sandwiched 
between Cd patterns (0.5 mm thick) for thermal neutron filtering as shown in Fig. 1. At 
different three positions of UTR-KINKI indicated in Fig. 2 [6, 7], three small CsI plates 
[2 cm × 2 cm × 0.2 cm] were irradiated for 2 hours in order to examine the relationship 
between activity generated in CsI plate and the luminance value. 

                      
After the termination of neutron irradiation, the luminance distributions of a CsI plate 

are recorded every one minute as a series of 16 bit JPEG images by a cooling type CCD 
camera (SBIG : STF8300M) with a telescope lens (SIGMA : 30 mm F1.4 DC) in a black 
box (SCIENTEX : DM-A6057). Then, those images are analyzed by a software “Image-J” 
to obtain the time variation of mean pixel values in the specified region of interested. 
From the analysis of time behavior, each luminance component of different radioactivity 
(128I, 134mCs) can be separated properly by fitting it with each half-life [5]. This technique 
has an advantage over so-called “indirect neutron radiography” using the imaging plate 
owing to higher efficiency to detect neutron induced radiation.  
 

2.2 Analysis by “decaying self-activation imaging technique”  

The observed first image of the large CsI plate (Fig. 1) for 1 min sampling is 
indicated in Fig. 3. We can identify some circle regions of Cd pattern in it. By the decay 
curve analysis with fitting for these two ROIs (w Cd and w/o Cd), it has been found that 
the Cd ratio of initial luminance values for 128I (half life : 25 min) is 2.8 and that for 
134mCs (half life : 174 min) is 3.6. 

 

Fig. 1.  Large CsI plate with Cd pattern filtering. 
15  

Fig. 2. Small CsI plates arrangement in UTR-KINKI.  
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Next, such a decay curve analysis is applied on a “pixel-by-pixel basis”. By 
this, several components having different half-lives are extracted as the separated curves 
as shown in Fig. 4. Then, the initial luminance values of individual component are 
plotted as separate images. We call this procedure as the "decaying self-activation 
imaging technique". The separated images obtained by this technique are also displayed 
in Fig. 4. 128I and 134mCs images apparently indicate neutron intensity contributions. 
Residual component may attribute to afterglow of gamma-ray irradiation. 
 

Even when CsI plate is uniformly irradiated by 70 kV diagnostic X-rays, an inherent 
non-uniformity is observed in its afterglow image. This is due to locally non-uniform 
thickness of scintillator crystal as well as its surface condition defect and an edge effect. 
So, this image is used as a standard reference image for the correction of the inherent 
non-uniformity of the CsI plate sensitivity. As can be seen in Fig. 5, image quality has 
been apparently improved after the correction. 

 
           Fig. 4.  Image separation by the “decaying self-activation technique” 18

 
 Fig. 3.  The observed first image of the large CsI plate with a Cd pattern filtering. 
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2.3 Relationship between activity in CsI and its luminance 

In CCD camera measurement, observed luminance is given by a unit of ADU for a 
certain fixed optical system. Here, ADU is Analogue to Digital Unit, which expresses the 
unit of number readout by the CCD element. The observed luminance by CCD should be 
proportional to an amount of activity generated per unit area of CsI plate. So, the 
conversion factor is defined as “Light Yield = Luminance [ADU/pixel] / Activity 
[Bq/cm2]” (see Fig. 6).  

 
 
 
 
 
 
 
 
 
 
 
 

 
Boon et al. had developed a CCD dosimetry system to observe the lateral dose 

distribution on a scintillator screen irradiated by protons or X-rays [8]. In their system, 
the “Yield” is evaluated as [(ADU/pixel)/Gy]. We also follow the similar way to 
evaluate "Light Yield" of our system. By referencing the Boon's analysis, the conversion 
factor "Light Yield" is expressed as follows, 

 
where optical efficiency ω depends on the optical system used, including close-up lens 
geometry, such as F number and magnification factor. The parameters used to evaluate 
the above conversion factor "Light Yield" of our system for 128I are summarized in Table 
I. From these parameters, "Light Yield" is evaluated to be 3.0 ADU/pixel per Bq/cm2. By 
using this, luminance value can be converted to activity value. 

 
        Fig. 5.  Correction for inherent un-uniformity of sensitivity of CsI plate. 
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           Fig. 6.  Definition of “Light Yield” for CCD readout. 
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     Table I.  The parameters and values used to evaluate the “Light Yield” of our system for 128I. 
  

H�����scintillation efficiency of CsI 0.092 
Emean,E : E�-ray mean energy 0.662 [MeV] 
Elight : mean photon energy @550nm 2.25 [eV] 
e : E�-ray emission probability of 128I 0.931 
]� : escape fraction of CsI 0.22 
T� : �angular anisotropy light of CsI 4.0 
L : transmission of the lens 0.9 
K��:�quantum efficiency of CCD @550nm 0.572 
Z�����optical efficiency (solid angle) 4.51 × 10-4 
Nelec : number of the electrons for a response of 1 ADU 0.37 
Apix : area of scintillation corresponding a single pixel 1.58 × 10-5 [cm2] 

 
 
Next, in order to evaluate actual activity generation, 2 cm × 2 cm × 0.2 cm small size 

CsI plates are irradiated at three different positions of UTR-KINKI, under each different 
thermal neutron flux values as shown in Fig. 2. From three decay curves obtained at three 
positions, initial luminance values of 128I are obtained and converted to the activities at 
each position. Evaluated activities of 128I are compared with the calculations by Monte 
Carlo code PHITS [9]. In the calculation, Maxwell distribution of thermal neutron 
energy is considered. As can be seen in Fig. 7, the evaluations, blue square, show a rather 
good agreement with calculations by PHITS, red circle, at each position.  

 

 
As a demonstration, by applying the “Light yield” of 3.0 ADU/pixel per Bq/cm2, the 

corrected luminance distribution of 128I obtained by the large size CsI plate at reactor 
irradiation (Fig. 5 : right) is simply converted to activity distribution as a 3D-plot in Fig. 
8.  

 
 

 
Fig. 7. Generated activity of 128I in small size CsI   
     plates. 

Generated  Activity in CsI Plate [Reactor] 

2  cm  × 2  cm  × 0 .2  cm   
CsI p late 

[Research Reactor]

①

②

③

Thermal Neutron Flux (n/cm2/s)  

Fig. 8. 3D-plot of activity distribution in large  
      size CsI plate.   
      plate.  
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3.  Conclusion  
 

Neutron intensity distribution was measured by a self-activated CsI plate with the 
CCD readout. The "decaying self-activation imaging technique" was proposed and 
successfully applied for neutron imaging. The amount of activity of 128I generated in a 
CsI plate was quantitatively evaluated from the observed luminance value by the CCD.  
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