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Development of real-time neutron monitor for BNCT (Boron Neutron Capture Therapy)
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Real-time neutron monitor
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Boron neutron capture therapy (BNCT) is a radiation
therapy that selectively destroys cancer cells using
nuclear reactions between boron atoms and neutrons.
Until recently, nuclear reactors have been utilized as
neutron sources for BNCT, but due to their complexity
and safety issues, various groups have been actively
developing accelerator-based neutron source.
Sumitomo Heavy Industries was the first to succeed
in the development of an accelerator-based BNCT
system, and clinical trials for recurrence of brain
tumors and head and neck cancer have already begun
with our system. From the perspective of treatment
quality assurance, it is crucial to measure neutron
intensities because the efficiency of the trail and ratio
of the side effect occurrence depends on neutron
irradiation quantity. Currently, the radio-activation
method of gold wires and foils is commonly employed,
but this method only allows for measurements of
the therapeutic dose, not intensity fluctuations in
real time. However, the real-time measurements of
neutron intensities are strongly desired. Therefore, we
embarked on the development of a real-time neutron
monitor in 2012. This article reports our ongoing effort.
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Schematic of accelerator BNCT system
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Scintillation photon yield distribution when gamma ray and neutron irradiated
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Schematic and usage of real-time neutron monitor
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Radiation degradation of scintillator and quartz fiber
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Development of High Current Negative Ion Source for Cyclotrons
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Configuration of accelerator-based neutron source for BNCT
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Proton cyclotrons are widely used for cancer therapy
and diagnostics, such as Boron Neutron Capture
Therapy (BNCT) and the radio-isotope production
(RIl) for Positron Emission Tomography (PET).
Enhancement of the beam current extracted out of
the cyclotrons is requested to shorten irradiation time
in BNCT treatment and to increase the production
rate of the radioisotope for PET. In medium energy
proton cyclotrons, whose maximum energy is less
than about 100 MeV, negative hydrogen (H™) ions
are injected and accelerated because of their higher
extraction efficiency than that of the protons. A
high current DC H™ source has been developed to
enhance the cyclotron beam intensity. The source is
a volume production type, in which hydrogen plasma
is generated by an arc discharge. It is known that the
addition of caesium (Cs) into this type of the source
increases the production rate of H™ on the surface
of the plasma electrode. 11mA of H™ ion current was
stably obtained without the Cs addition, whereas
22mA, the maximum H™ ion current, with the addition.
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ERICRELTED, B4+ VEr O ZHEhbv—2aE
N, A4 rataryrsOTE - ARERENIERK ST
T RAERETAEELR L k5T 5,

* FEARTACER

FRE#MIEIR No.189 2016



Target

Target
~7

. “‘ Proton

jl Stripper foil

o

“Dee” RF electrode

H4o0rACOH MEFR EBFIMEL R
Schematic diagram of negative ion cyclotron and positive
ion cyclotron

2

Permanent magnets Filter magnets Plasma electrode
*electrically isolated
| — |l - from the chamber
_ = - T Extraction electrode
Magnetic filter field :
\ v Grounded
Caesium Filaments I ) l:l R ejectrode
injection —* — : +H™ beam
port [N l:l
High electron : hd
< t t i I
emperature region | '\
/ e == Low electron

Plasma chamber temperature region

FHEEREA A T 2 IROEE

Configuration of volume production H™ ion source
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Development of Fast Denoise Processing for CBCT Image
oL O & L o E omr o H OO owm ok oY & Wl ot

Takashi YAMAGUCHI Nagaaki KAMIGUCHI Manabu YAMADA

Hiroki MIYANAGA Takashi KANEKO

The noise of CBCT image

at a low exposure conditions is

removed quickly using GPU

CBCT image

CBCT image

Fast denoise processing

GPU% AL /-CBCTE{RLEN SR
Fast CBCT image processing using GPU
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(CBCT) Ef§ &R L, BEMODCTEKRELK TS L
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BE T AXIEEEIMA, Total Variation (TV) EHI{LLIE
T/ A XBEEITHET, CBCTHKRIISEEL X X
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EITDCECHREBEEERSIETLES>DT, FTV
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|¥, CUDATH:FIt & &1k % 1T\ \Geforce GTX TITAN
LETRELECH, 388 (156F) CEITFREE B> 7,

In proton therapy, patient positioning is performed by
comparing Cone Beam CT (CBCT) images with CT
images collected for treatment planning. One problem
with this method is that because CBCT images must
be taken before each irradiation, patients are exposed
to a significant amounts of radiation. This problem
can be alleviated by reducing the amount of X-ray
irradiation and compensating for increased noise with
a Total Variation (TV) regularization process. Using
this method, low dose CBCT imaging with high image
quality can be realized at the cost of longer treatment
time. We implemented the TV process on both a CPU
(Intel Core i7 2.8GHz, OpenMP) and GPU (GeForce
GTX TITAN) and found the later to be 15 times faster
(56.4s vs. 3.8s).
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Measurement conditions

1

X - #E CBCT EHfR/ 1 XBRELEDSERERMORFE

Spec.
Focus size 1 mm
Max. Power 80kW
Voltage 40~120kV
Current 10mA
Pulse width 5ms
FPD size 28.2X40.6 cm
Pixel pitch 127 ym
Pixels 2304 %3200
Frame rate 7.5FPS
Tube to FPD Distance 2.15m
Projection Angle 180~360°
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Investigation of Gas Generation Mechanism from Plasticized Resin
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An image of development objective
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higher functional plastic parts

Molding technology
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Due to a recent broadening of application range
of thermoplastic resins, their kinds are being ever
more diversified, and their functionality higher. The
aforementioned situation making the resin molding
more and more difficult, a better molding capability
is being required, and to respond the request, a
better basic process technology is becoming more
and more essential. At Technology Research Center
of Sumitomo Heavy Industries, Ltd., an attempt to
establish the evaluation technique of resin decay
as one of such basic process technologies, and to
construct the related infrastructure has been being
made through the chemical elucidation of pertinent
process with the resin degradation phenomena during
the injection molding as the center of interests. The
report introduces some investigational examples of
outgas generation mechanism of thermoplastic resins
during injection molding with gas-burn focused among
various resin decay phenomena. Future prospects
consist of a differentiation of injection molding
machines and a decrease of product failures through
the elimination of resin degradation factors during the
plasticization.
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Hydro carbon generated by hydrolysis process
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3 . .
Inorganic gas generated by hydrolysis process
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Polymer alone With Ni/SiO2
D Hydrogen extraction reaction 81
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Molecular structures of polymers
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(2 HALEH, SHERENTORRE, BFITHHE, 2003, p.192.
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