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Abstract Fast neutron radiography has been a powerful tool for diagnosing of the large size low-Z objects such
as water or oil in stainless pipes, water in the concrete bridge or wall with sizes of a meter. Short pulse laser
driven neutron source has been expected as an ideal neutron source because it has very small point source (~100
pm) and short pulse duration (~10 ps). We can discriminate the subjected radiography neutrons and back ground
scattered neutron from unwanted places by using time of flight difference, because the pulse duration of neutron
source is sufficiently short. In this technique, a fast response (~100 ns) and high sensitivity (single neutron
detectable) scintillation imaging device is needed. Especially, an image intensifier to amplify a weak light from
the scintillator to sufficiently bright light for the camera is key device. A large-aperture high-sensitivity image
intensifier panel that consists of an avalanche photodiode (MPPC) array and a light-emitting diode (LED) array is
developed. The device has 40% quantum efficiency, over 10° optical-optical gain, and 80-ns time resolution. The
aperture size of the device is ~15 cm, and it can be scaled to arbitrarily larger sizes. The image resolution of the
current device is 2 mm, although it can be scaled to smaller sizes in the near future.
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1. Introduction
Neutron radiography has been expected as a next generation
non-distractive investigation [1]. Conventionally thermal
neutrons (~meV) were widely used for the radiograph because
the detection of thermal neutron is relatively easy [2, 3].
Recently, fast neutron (~MeV) generated by ultra-intense-lasers
has been getting popular because of its short pulse duration [4,
5]. Fast neutron can be used as an new generation radiograph
source to insight the large size, low-Z materials in high-Z 2 mm/pixel
material, such as water or oil in the stainless steel pipes or water
in concrete walls which are meter sizes.

Fast neutron radiograph imaging uses organic scintillator
pixel array and an image intensifier CCD cameras [6]. However
conventional image intensifier especially large aperture image
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2. Avalanche image intensifier panel
A MPPC (Multi-Pixel Photon Counter) array is a photon +57V

counting device produced by Hamamatsu, co Itd, having ~1 mm =
pixel size with containing more than 1000 geiger avalanche T !
elements. MPPC is a semiconductor device that can be mass-
produced, so the cost can be greatly reduced in the near future.
MPPC has a higher quantum efficiency (~40% as shown in Fig.
2) than that of MCP (~14%), here the quantum efficiency of
MPPC is defined as a product of the APD’s quantum efficiency,
fill factor, and Geiger avalanche probability, and that of MCP is
defined as a product of 20% quantum efficiency of the cathode
and 70% effective MCP hole area. The electron—electron gain is
also large, ~10°%. The electric current output from MPPC
generates photons by LEDs. MPPC requires only a small

Figure 1 The photo of the avalarihe image intensifier panel
and circuit of the syste

)
Figure 2 The amplified image by the avalanche image
intensifier panel with a weak light (~1 pW).



voltage power supply (+57V) unlike MCP (~5000 V). Figure 1
shows the photo of the avalanche panel and the schematics of
the circuit.

The impulse response of the avalanche image intensifier
system was measured by using an input light of 70-ps pulse
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Figure 3 The impulse response of the avalanche image
intensifier panel.
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Figure 4 The comparisons of the response function of
the amplified light output. Red line is input light from a
scintillation of Nal:TI scintillator with Am-241 alpha
source, black line is the light output of avalanche image
intensifier panel, blue line is light output MCP image
intensifier.
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duration (Hamamatsu PLP-10). The light output was measured
by using a 300-ps time response Si photodiode (Hamamatsu
S5973) and a 1 GHz oscilloscope. The pulse duration of the
output pulse was measured to be 80 ns in FWHM as shown in
Fig. 2. Figure 3 shows the comparisons of the impulse response
of the amplified light output between MCP image intensifier and
the avalanche image intensifier panel. the red curve indicates
input light (Nal; TI scintillator), black curve indicates the
avalanche panel output (with +57 V voltage supplying), and
blue curve indicates the MCP-I.I. output with linear time scale
(a) and log time scale (b). The output signal from a typical MCP
I.I. (Hamamatsu C9546-02) was also compared. The gain was
set to its maximum with the voltage of +6000 V and the
luminous gain was 5x10°. The peak brightness of the avalanche
panel was 1000 times higher and the response time was 1000
time faster than the conventional MCP I.1. This system can also
switch On/Off by applying gate pulse with the response time of
~100 ns. This allow us to utilize this device as a high speed
imaging sensors with the combination of the standard CCD
camera.

3. Future prospects
Currently, the pixel size is limited to 2 mm due to the
limitation of the manufacturing process of the circuit using

printed board. In the future we will design a smaller pixel size
down to 0.1 mm using micro-patterning technique like LED
panel. MPPC is basically made by silicon thus avalanche diode
coupled LED element can be also manufactured. The 80 ns of
the total system response time, which is much slower than
response times of the MPPCs (~2 ns) and LEDs (~3 ns), is also
considered to be limited by the imperfection of the circuit
design. There are no resistor in the circuit for stabilize the
current flow in current design, and we are designing new proto
type circuit. We expect to open a new collaborations between
the image sensing developing group and us and by doing this
we can break through the these limitations.
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