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New frontiers of radiation detectors using large-area MPPC arrays
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? Research Institute for Science and Engineering, Waseda Univ., Shinjuku, Tokyo 169-8555
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MPPC, also known as Silicon Photo-Multiplier (SiPM) is a compact high performance semiconductor
photodetector consisting of multiple Geiger-mode APD pixels. The MPPC has many advantages, such as
insensitivity to magnetic fields, effective time resolution and compactness. In addition, it is operated in
Geiger-mode, meaning its gain may be almost comparable to that of PMTs at up to the10° level. Recently,
various types of large-area monolithic MPPC-arrays are being developed and implemented in the radiation
detectors hence replacing traditional PMTs in a number of applications. In this paper, | first review the basic
properties of MPPCs against conventional APDs (of a typical gain up to ~100) to attract its merits as a
photodetector. Next, high spatial resolution gamma-ray imagers utilizing MPPC-arrays were fabricated with
various sub-millimeter scintillation crystals. | will report on a prototype gantry for future MPPC-PET scanner,
including MRI, TOF and DOI technologies. Finally, 1 will briefly introduce a novel Compton camera weighting
only 1.9 kg and measuring just 13 X 14 X 16 cm? in size. Despite its compactness, the camera realizes a wide
180° field of vision with a sensitivity ~1% for 662 keV gamma rays, with an angular resolution AG ~10 deg.
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Table.1 Comparison of basic properties of various
photo-sensors used in scintillation detectors.
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Fig.1 (top) Comparison of energy spectra of the 137Cs
measured with BGO scintillator coupled with APD and
MPPC pixel detectors. (bottom) Timing spectra measured
with the 511 keV gamma-rays from a *Na source, as
compared with APD and MPPC.
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Fig.2 A schematic view of the Hard X-ray imager (HXI)
onboard Astro-H and APD detectors to read out BGO
shield detectors.
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Fig.3 1°Cd spectra measured with GSO at +20 deg. Solid
and dashed line corresponds to cases with and without the
coincidence, respectively.
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as measured with *¥'Cs.
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Fig.6 (top) Photo of 8ch-MPPC-PET gantry for small
animals and test imaging results of two ’Na point sources.
(bottom) Images of the F-18-NaF study of the mouse head.
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Fig.7 Photo of 4.7 MRI for small animals and experimental
setup for 2ch MPPC-based PET/MRI system.
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PET is “on” and “off”.
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Fig.10 Diagram of the TOF experiment. A ?Na source was
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80mm apart.
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Fig.11 Conceptual design of two types of gamma cameras.
(top) Pinhole camera with thick mechanical collimator,
(bottom) Compton camera consisting of scatterer and
absorber. Full details are given in the text.
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Fig.12 (top) Conceptual design of the DOI Compton
camera proposed in this paper. (bottom) Geant-4
simulation of the angular resolution A6 as a function of
distance d for DOI and non-DOI configurations, assuming
50x50 mm? Ce:GAGG scintillator plates of 10 mm
thickness for both the scatterer and absorber .

An energy resolution of 10 % was assumed
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Fig.13 (top) Photo of the Compton camera test module,
consisting of two identical 3D Ce:GAGG crystal blocks.
(bottom) Compton reconstructed MLEM image of a **'Cs
isotope taken with a DOI or non-DOI configuration.
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Fig.14 Photo of the handy Compton camera prototype
currently being fabricated by Hamamatsu Photonics K. K.
Its weight is only 1.9 kg!
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Fig.15 (top) Compton reconstructed image of a 137Cs
isotope with an integration time of 30 sec. A corresponding
radiation dose is =6 pSv/h. (bottom) Projection of above
image suggesting an angular resolution of 46 = 14 deg
(FWHM) while the camera is yet operating in non-DOI
mode. Further improvement is expected by using DOI.
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Fig.16 (top) An example event map taken with the

prototype Compton camera comparing energy deposits in

the scatterer (E;) and the absorber (E;). (bottom) Energy

spectra taken with this camera irradiated by *’Cs, where

all the channels are summed to reconstruct this spectrum.
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Fig.17 (top) Concept of the stereo measurement method to
determine 3D position of the radiation hotspots. (bottom)
An example simulation of 3D reconstructed image of
multiple hotspots with a distance of ~10m from the two
Compton cameras.
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