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Turning point in PET

2024 will be remembered as a turning point in the history of
PET. In Japan, with the advent of a drug that inhibits the
progression of Alzheimer's disease (AD), amyloid PET
reached reimbursement (December 2023). This means two
things: (1) a reliable quantitative indicator has appeared in the
diagnosis of dementia, which used to be based on interviews,
and (2) dementia may be diagnosed before symptoms appear,
which will change how the iliness is dealt with.

It is expected that the number of amyloid PET scans will
increase with the progress of AD treatment drugs in the future,
but one of the predicted bottlenecks is the lack of PET
equipment. In Japan, about 600 PET scanners are available
and operating at almost full capacity to scan about 1 million
cancer patients, but judging from the present number of AD
patients, nearly 2,000 more PET scanners will be needed.

Therefore, we have developed a high-performance, compact
and affordable brain-dedicated PET. In addition to the
distribution of this machine, application of the technologies we
have cultivated to whole-body PET for earlier cancer diagnosis
is within our scope. However, in the PET field, we are keenly
aware that there are high barriers to social implementation of
research results. This is because Japan's PET equipment
industry is not strong, as shown by the fact that 90% of PET
scanners are imported. The fundamental reason is that nuclear
medicine tends to be expensive due to strict radiation-related
regulations, making it difficult to secure profits under the
current insurance system. Once an industry declines,
academia, which is a source of human resources, will also
decline.

A government research institution has solutions to problems
that industry and universities cannot solve alone. - Therefore,
for two years, we had been working to launch the “QST
Alliance” to spread the next generation PET scanners by
sharing QST’s technologies among alliance companies and
reducing development costs (2023 Report on PET Imaging
Physics Research, p. 16). However, the final launch was not
approved by QST Secretariate. In that sense, 2024 is likely to
be another turning point. This report summarizes the 2024
research results of the Image Physics Group, which will not
give up on realizing a future free of disease.
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WGI development shifting from mouse use to human use

By combining PET with Compton camera imaging that extracts
positional information from gamma-ray scattering, we are
aiming at realizing a nuclear medicine imaging method that
surpasses PET. We have named the method whole gamma
imaging (WGI) since the concept of using all measurable
gamma rays for diagnosis is followed. An example of an
imaging target is %Zr, a positron-emitter suitable for labeling
antibodies, which emits 909 keV gamma rays more frequently;
and using a Compton image of 909 keV gamma rays is
expected to improve PET image quality.

In WGI, another detector ring (scatterer detector) is inserted
inside the PET detector ring. When a gamma ray is scattered
by the scatterer detector, the possible direction of the incident
gamma-ray can be the surface of a cone, which is determined
from the energy deposited to the scatterer detector. Since the
angle of the cone is calculated by the deposit energy value, the
scatterer detector needs to have high energy resolution as well
as high spatial resolution.

The 4™ prototype (for mice), developed with support from
Grants-in-Aid for Scientific Research (FY2020-FY2024) and
the Nakatani Foundation (scheduled for FY2022 to FY2026),
demonstrated the performance of the scintillator for the
scatterer which was specially developed for 8Zr imaging (Go
Akamatsu, p. 15). Then we began designing clinical WGI
systems for whole-body imaging (Tomoya Kikuchi, p. 19) and
for brain imaging (Ryogo Abe, p. 23).

For better WGI, as a software approach, we proposed a
synergistic image reconstruction method that uses a PET
image as prior information in Compton reconstruction and uses
the updated Compton image as prior information in PET
reconstruction (Fumio Hashimoto, p. 25). As a hardware
approach, we prototyped a silicon detector with excellent
energy resolution for the purpose of applying WGI to low-
energy gamma rays such as SPECT tracers (Fumihiko
Nishikido, p. 29).

Brain-dedicated
WGI

Compton image

Conventional Proposed

(c) Reconstruction methods (simulation)

(b) Design examples (d) Prototyped Si detector for the scatterer

Following the 4™ prototype demonstration for 8Zr mouse imaging (a), which tested the developed scatterer scintillator,

designing of clinical WGI systems was started (b). In parallel, a synergistic PET-Compton image reconstruction method was
proposed (c), and a Si scatterer detector for lower energy gamma-rays was prototyped (d).
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Application of VRAIN and pursuit of 1 mm resolution

Clinical research on amyloid PET using the world's first helmet-
type PET - VRAIN that was commercialized in 2022 - has
begun (Miwako Takahashi, p.33). It should be noted that for a
patient suspected of having mild cognitive impairment, there
was a case where VRAIN reversed the negative result
obtained from a conventional PET scan.

Research has also progressed to simplify the attenuation
correction procedure that is necessary to correct the
absorption of gamma rays in the body. While the current
VRAIN requires CT or MR images taken separately, we have
developed a new method that allows attenuation correction
without these images (Yuma Iwao, p. 37).

VRAIN, which has high performance and high flexibility in data
processing, has the potential to be used as a tool to open a
new field of science. We are aiming to utilize the positron
lifetime as a biomarker rather than for the conventional
positron distribution, and in 2024, we attempted to measure
radicals (Sodai Takyu, p. 41). Radicals are thought to be the
cause of aging and disease.

VRAIN has achieved a resolution of 2.2 mm, which is much
higher than that of conventional PET, but with support from
AMED (scheduled for FY2023 to FY2027), we are currently
aiming to achieve a resolution of 1 mm, which is almos the
theoretical limit in brain PET. This will be a ten-fold

improvement in volumetric resolution. In 2024, we developed
a one-ring prototype using our original detector and succeeded
in showing the proof-of-concept for it (Kurumi Narita, p. 45).

(a) Amyloid PET images with VRAIN
T AL
= 9.8 o . ‘ A \
[} " o . . : -
£ 11
s N o D
cé H B @) o W ) s‘..o.o
0.7 b ° » -
0.5 g o
0 100 200 300 400 17mm 9 qe 10mm
Error for CT-based AC 1.35mm

Proposed CT-less AC
(b) New attenuation correction (AC) method

Radical concentration [mM]

(c) Radical measurement by positron lifetime

(d) Next version under development

Figure 2 Advantage of VRAIN in Amyloid PET revealed (a). In methodology, a CT-less attenuation correction method was
developed (b). Potential of radical sensing by measuring positron lifetime was also shown (c). Higher spatial resolution of 1 mm
resolution, which was predicted by simulation in 2023, was experimentally proven by developing the one-ring prototype (d).
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Next generation PET: R&D of components

A PET detector consists of a scintillator (converting gamma
rays into visible light) and a photodetector, and innovations
have been made in each to improve the performance of the
PET detector. For a photodetector, we discovered that
reduction of optical crosstalk resulted in improving time-of-
flight (TOF) resolution (Eiji Yoshida, p. 49). The higher the TOF
resolution, the lower the noise in PET images.

For a scintillator, we optimized a design that achieves both high
TOF resolution and high depth-of-interaction (DOI) resolution
(Miho Kiyokawa, p. 53). The DOI measurement, a technology
that improves the uniformity of spatial resolution in PET
images, has not yet been implemented in clinical PET
scanners including VRAIN.

We are continuing our efforts to achieve the world's highest
PET resolution in small animal PET. In 2024, we performed the
simulation design of a new system to break the world’s record
of 0.5 mm resolution that we achieved in 2022. (Han Gyu Kang,
p. 57).

Simultaneous PET/MRI imaging is still required in clinical
nuclear medicine. Therefore, we are also developing a PET-
detector-integrated MRI coil that can be used to upgrade
existing MRI to PET/MRI. In 2024, we devised a method to
utilize a microstrip RF coil, which is suitable for high magnetic
field MRI, as a shield of a PET detector. (Md Shahadat Hossain
Akram, p. 61).

SiPM (5 x 5)
Lightguide

(c) Simulated sub-0.5 mm resolution small animal PET

PET detector RF shield cage

as ground conductor \
ey
IIIIII IIIIII K

I
cs_r

= S5 \ T

(b) Proposed tapered U-shape crystal

*C, - shunt capacitor

dayer ground conductor

'Jiiif :

- Mics ostripeonductor . __
Conventional microstrip RF-coil

(d) Developed microstrip RF-coil for PET in a 7T MRI system

\
N ’ . e PET detector + front-end electronics
Microstrip conductor

PET detector shield as ground conductor

S Microstrip cond uctor

Prbposed PET microstrip RF-coil

Figure 3 Component technologies developed in 2024 for next generation PET systems: a SiPM array with optical separation
for better TOF (a), an optimized scintillator design for both TOF and DOI (b), design simulation of a small animal PET
moving toward the world’s best spatial resolution (c), and an idea for the PET detector shield which works as a RF coil in MRI (d).
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Revealing the potential of in-situ PET in cancer treatment

Carbon ion beam therapy can be said to be the pinnacle of
radiotherapy, but one issue that remains unresolved is the
visualization of the beam range within the body. The interaction
mechanism of carbon ion beams is fundamentally different
from that of X-rays; so, it is necessary to set a certain margin
in treatment plans generated from X-ray CT images. If the
beam range within the body can be accurately observed, it will
be possible to further reduce side effects and shorten the
number of days required for treatment.

The clue to this observation lies in the tiny amount of positron-
emitting nuclides that are produced automatically in the body
by the beam irradiation. We believed that if we could visualize
them by PET, we could solve the problem. Therefore, we
invented the world's first open-type PET, OpenPET. In the
clinical test started in 2023, we began analyzing changes in
OpenPET images in each irradiation (Hideaki Tashima, p. 65).

For the issue of biological washout, where positron-emitting
nuclides produced in the body are diffused quickly, our idea is
In 2024, we
performed an animal experiment to compare range verification
PET using our original total-body small animal PET (TBS-PET)
p. 73) with hypoxic PET (Chie
Toramatsu, p. 69). The feasibility of PET diagnosis, which does

to utilize the washout for tumor diagnosis.

(Nobuyoshi Hosotani,

not require PET tracers, was demonstrated.

PET may also be useful for locating tumors during surgery by
injecting PET tracers such as FDG just before surgery. Aiming
for PET-guided surgery, research has progressed on the
forceps-type mini-PET (Ryotaro Ohashi, p. 77) and a dual-
panel PET system (Taiyo Ishikawa, p. 81).

Wdis
i exg

Prototyped
forceps-type mini PET

w—

fe— wior —
i oase

wnupny+
uoyar

-

- ﬁﬁm]

74 2
Simulated dual-panel PET

(c) Systems for guided surgery by using PET radiotracers

Figure 4 Examples of clinical OpenPET in carbon ion therapy, which confirmed the same dose prescription between the 2" and
the 8" fractions (a). A potential of the range-verification PET for tumor hypoxia imaging was shown in rat experiments (b). Aiming
for PET-guided surgery, two other systems, the forceps-type mini PET (c) and the dual-panel PET (d) were investigated.
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Revival of International exchanges and hosting IEEE2025

The effects of the "COVID-19 isolation" that had lasted for
about three years from 2020 were completely resolved in 2024,
and international exchanges resumed as usual. We held the
6th SNU-QST Workshop at Seoul National University with Prof.
Jae Sung Lee, under the Bilateral Collaboration Program
supported by the Japan Society for the Promotion of Science
(JSPS). A total of 50 researchers and students from Japan and
Korea, participated. Also Prof. Craig Levin from Stanford
University came to visit us for two months under the JSPS
Invitational Fellowships for Research in Japan program. Both
projects had the effect of increasing the international

awareness of students and young researchers.

In November 2025, the world's largest conference on PET
physics, IEEE NSS-MIC-RTSD, will be held in Japan for the
first time (the 2021 conference, which was held online, should
have been the first one held in Japan). We will welcome
approximately 1,500 researchers from overseas, and this will
be a unique opportunity for them to learn about Japan not only
in terms of research but also in terms of culture.

On the other hand, domestic issues such as a decrease in
research funding and an unstable employment environment
remain, and they may accelerate the outflow of talented human
resources overseas, partly due to the double wage gap
between Japan and the US. In fact, a researcher who was
forced to leave due to the “10-year limitation” and a student
who had just received a Ph. D. from Chiba University both
chose universities in the US as their career destinations.

D [EEE 2025

/' & Nuclear Science Symposium, Medical Imaging Conference
¢ and Room i Detector

Abstract Submission .
Deadline 08 May 2025 {

Yokohama
1-8 November 25

International exchange activities supported by the Japan Society for the Promotion of Science: a workshop held with

Prof. Jae Sung Lee (top left) and two-month research stay of Prof. Craig Levin (bottom left), which will provide momentum for
hosting the world’s largest PET physics conference, IEEE NSS-MIC-RTSD 2025 in November 2025 (right).
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7 | Bk HE (EIBEEHEA) Study on a 4-channel microstrip RF coil integrated PET insert with a 7T clinical MRI system
Improving PET image quality using deep image prior (D2 B8R =4, 2024/91€T)
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10 | Katia Parodi, Peter Thirolf (LMU)
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11 | Mitra Safavi-Naeini (ANSTO)

Prompt gamma detection and neutron capture discrimination in NCEPT
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Imaging Physics Group FY2024

As of Dec. 31%, 2024

Staff, etc. Visiting Researcher
Go Akamatsu Senior Researcher Akram Hamato UC Davis
Norio Arai Visiting Researcher, from Nov. 2024 Hideaki Haneishi Chiba University

Nobuyoshi Hosotani

Research Assistant, from Oct. 2024

Fumio Hashimoto

Hamamatsu Photonics K.K.

Taiyo Ishikawa

QST Research Assistant (part time)

Mariko Ishibashi

Nippon Medical School

Yuma lwao

Researcher

Shigeki Ito

Mirai-imaging Corp.

Makoto Kakegawa

Visiting Researcher

Kazuya Kawamura

Chiba University

Han Gyu Kang Senior Researcher Masaharu Kitagawa | ATOX Co., Ltd.

Tomoya Kikuchi QST Research Assistant (part time) Masaaki Kumagai ATOX Co., Ltd.

Md Shahadat Hossain Akram | Senior Researcher (part time) Shunsuke Kurosawa | Tohoku U.

Kurumi Narita Research Assistant (part time) Kazuhiro Maki ATOX Co., Ltd.

Fumihiko Nishikido Senior Researcher Takashi Obi Institute of Science Tokyo

Fujino Obata Technical Staff (part time) Keniji Shimazoe University of Tokyo

Ryotaro Ohashi QST Research Assistant (part time) Mikio Suga Chiba University

Miwako Takahashi Diagnostic and Therapeutic Nuclear Eiji Takada National Institute of Technology
(concurrent position) Medicine Group Leader (tenure) (NIT, Toyama College from Nov.)
Sodai Takyu Senior Researcher, promoted in Oct. Ayu Tanaka ATOX Co., Ltd.

Hideaki Tashima Principal Researcher (tenure) Hiroshi Umeda ATOX Co., Ltd.

Chie Toramatsu Principal Researcher Kaede Yamada ATOX Co., Ltd.

Hidekatsu Wakizaka Senior Technical Staff Masakazu Yamagishi | NIT, Toyama College

Taiga Yamaya Deputy Director /Group Leader (tenure) Taichi Yamashita ATOX Co., Ltd.

Eiji Yoshida Principal Researcher (tenure)

M. Honda Secretary (part time), from May 2024 JSPS Research Fellow

R. Kitamura Secretary (part time) Craig S. Levin | Stanford University (Aug.-Oct.)
Y. Ochi Secretary (part time), from Mar. 2024

M. Ohno Secretary (part time) Trainee / Internship

Y. Saito Secretary (part time), until Apr. 2024 Ryogo Abe Chiba U. (Yamaya-lab. B3), from Dec.

Nobuyoshi Hosotani

Chiba U. (Yamaya-lab. B4), until Sep.

Miho Kiyokawa

(
Chiba U. (Yamaya-lab. M2)
(

Mizuki Miyahara Chiba U. (Suga-lab. B3), from Dec.

Major collaborators (except for funded projects)

Collaborators (alphabetical) Themes (Students, etc.)
1 Masaki Fukunaga (NIPS) Study on a 4-channel microstrip RF coil integrated PET insert with a 7T clinical MRI system
2 | Japan Radioisotope Association Development of unsealed-RI phantoms
3 | Kei Kamada (Tohoku U.) Development of microbeta imaging using eutectic crystals
4 | Kazuya Kawamura (CFME, Chiba U.) Opening and bending mechanism and operation handle of FTMP (M2 Hiroto Hayashi)
5 | Katia Parodi, Peter Thirolf (LMU) In-beam PET simulation / experiment, SIRMIO project
6 | Mitra Safavi-Naeini (ANSTO) Prompt gamma detection and neutron capture discrimination in NCEPT
7 | Mikio Suga (CFME, Chiba U.) Simulation design of WGI (M2 Tomoya Kikuchi, B3 Mizuki Miyahara)
8 | Eiji Takada (NIT, Toyama College) Medical application of organic semiconductor detectors
9 | Shin'ichiro Takeda (U. Tokyo) Development of a Si detector for WGI
10 Hiroshi Watabe, Yoshihito Funaki Quantum PET study using I-124
(RARIS, Tohoku U.) (Supply Platform of Short-lived Radioisotopes, Pl: Sodai Takyu)
Improving PET image quality using deep image prior (D2 Fumio Hashimoto, Completion in Sep. 2024)
Research on an intra-operative modality specialized in detecting positron-emitting radionuclides (D1
Ryotaro Ohashi)
Taiga Yamaya, Hideaki Haneishi Study on a hand-held probe-type |ntraoper§tlve PET (M2 Ta|yollfsh|kgwa) . . .
11 . Development of a PET detector capable of simultaneously acquiring time-of-flight and depth-of-interaction
(CFME, Chiba U.) . ) O
information (M2 Miho Kiyokawa)
Development of a hemispherical brain PET with TOF-DOI detectors (M1 Kurumi Narita)
GATE simulation of total-body small animal PET (B4 Nobuyoshi Hosotani)
Simulation design of brain-dedicated WGI (B3 Ryogo Abe)
Research contracts (alphabetical) Funded Themes (period Y/M/D)
1 | ATOX Co., Ltd. Yes Performance improvement of the helmet PET (2023/4/1—-2025/3/31)
2 | ATOX Co., Ltd., Hamamatsu Photonics K.K. No Application of deep learning methods to VRAIN (2023/4/1-2025/3/31)
3 | OXIDE Corporation No Research on scintillator blocks for PET detectors (2023/3/30-2026/3/31)
4 | Hamamatsu Photonics K.K. No Basic research on the next generation PET detectors (2016/8/1-2027/3/31)
5 | Mirai-lmaging Corporation Yes Scintillation detectors for nuclear medicine and environment (2021/2/1-2026/3/31)
. . . Improvements in equipment in “Development of forceps-type mini-PET enabling pre-
6 | Mirai-maging Corporation Yes refection lymph noge Ziagnosis during spurgery" (2024/?3/6%%25/2/28) oP




Internal budget (basically excludin
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labor cost) [x1,000 yen]
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As of Dec. 31%, 2024

10

Budget Note Amount Main collaborators outside the
. Labor group (Pl underlined)
1 Returned indirect expense A part of indirect—>HIA02 4,277 0 —
2 Innovation hub / Alliance Program (HIA04) Innovation hub for next generation PET system development: from brain to whole-body 2000 0
PI: Taiga Yamaya (Internal competitive grant, 2024) ’
3 | QST President's Fund 2023 PI: Sodai Takyu Proof-of-concept study of Q-PET: small animal imaging experiment 2,000 0 —
4 | Imaging physics (HIA02) PI: Taiga Yamaya For group operation 1,776 0 —
5 | QST President's Fund 2024 PI: Han Gyu Kang Realizing world's first PET/TPEM simultaneous imaging 1,000 0 —
6 | QST President's Fund 2024 PI: Sodai Takyu Possibility of positron lifetime “imaging” analysis technology using gamma-ray beams 1,000 0 —
Sum 12,053
Competitive grants [x1,000 yen]
Project Theme Direct expense Indirect Members in the group Collaborators outsilde the group
Labor Distributed | €xpense (P! underlined) (Pl underlined)
T Yamaya, M Takahashi, E | Project Leader: T Yamashita
AMED Advanced R&D and yamaya M |a er. L Yamashita
devel opme:t system | Development of world's highest resolution Yoshida, H Tashima, G (ATOX), Co-investigator: Y Narita,
1 strengtheni . . . . . Akamatsu, C Toramatsu, F | S Yanagisawa (National Cancer
gthening  project  for | brain PET to realize early diagnosis for 86,161 0 0 | 25848 | Nishikido, H Wakizaka H Center Hospital), K Ishi (Tokyo
?fﬁ;%%'é%%‘q’gﬁ& 02 dementia and cancer (2023-2027) G Kang, S Takyu, F Obata, | Metropolitan Geriatric Hospital
K Narita and Institute of Gerontology)
Nakatani Foundation Long- Future PET Development Unit - TY. - M Takahashi, S Kurosawa (Tohoku U.), H
axatan: oundation ong Transformation to "whole gamma imaging" —amaya . ae as. : Haneishi, M Suga, K Kawamura
2 | term Large-scale Research that makes use of all available radiations for 54,545 | 8422 20,909 5455 | etal. (all Imaging Physics (Chiba U.), Y Imai (Dokkyo Med.
Grant 2022-2026 diagnostic imaging Group members) U), etal.
- A Yoshikawa (Tohoku U.), M
KAKENHI 2020-2024 Whole gamma imaging to break through the T Yamaya, Suga (Chiba U.), Y Imai (Dokkyo
3 Grant-in-Aid  for  Scientific | physical limitation of positron emission 17,400 2,634 3,100 5,220 | M Takahashi, E Yoshida, Med. U.), M Ishibashi (Nippon
Research (S) 20H05667 tomography H Tashima ’(\:Aﬁi(lj)é )SChOOU' K Nagatsu (QST
AMED Moonshot Research | Early detection and modulation of the T Yamaya, M Takahashi, E | Project Leader: M Higuchi (QST)
4 and Development Program dementia pathogenesis based on the 11.264 0 0 o | Yoshid H Tashima. G 238 Co-investigat 4R Yh
242f0127012h0001 concept evolving from glial pathology to ) oshida, 1 Tashima, (“o-nvestigator and Researc
(Research participation) senoinflammation (2024-2029) Akamatsu, H G Kang Participants
Collab b 2024 Improvements in equipment in
ollaborative researc “Development of forceps-type mini-PET ] _
5 Mirai-imaging Corporation enabling pre-resection lymph node 10,476 0 0 524 | S Takyu, R Ohashi
diagnosis during surgery
KAKENHI 2023-2025 Development of whole gamma imaging f
6 Grant-in-Aid  for  Scientific | system capable of simultaneous high- 5,600 0 0 1,680 HTashima, § Takyu, H G -
Research (B) 23H03775 resolution imaging of multiple nuclides Kang
KAKENHI 2023-2028 Japan-Germany collaborative research
7 International  Collaborative | toward simultaneous real-time imaging of 3,100 0 0 930 C Toramatsy, T Yamaya, Katia Parodi (LMU)
Research 23KK0206 cancer pathology and radiotherapy effects S Takyu, H G Kang
KAKENHI 2024-2026 FDG-PET in combination with proton ('H)
8 | Grantin-Aid for Scientfic | and sodium (2Na) MRI: a di-modal 2,300 0 0 goo | MdShahadat Hossain _
Research (C) 24K15805 metabolic imaging approach Akram
T Yamaya, E Yoshida, H
i Tashima, F Nishikido, G
9 ggg:bztggzve research Performance improvement of the helmet 1.800 0 0 180 Akamatsu, Y Iwao, S
- PET f Takyu, H G Kang, H -
ATOX Co., Ltd. Wakizaka, F Obata, M
Takahashi
KAKENHI 2024-2026 Combined OpenPET and next-generation
10 | Grant-in-Aid for Scientific | particle therapy: Utilization of washout 1,800 0 0 540 | C Toramatsu -
Research (C) 24K10826 information as a new hypoxia marker
T Yamaya, G Akamatsu, H J S Lee, etal. (SNU), S
11 JSPS The 6th SNU-QST Workshop on Nuclear 1190 0 0 0 Tashima, H G Kang, T Yamamoto (Waseda U.), H
Seminar with Korea (NRF) Medicine Imaging Science and Technology ’ E%ﬁ:ﬂs’ﬁ’i K Narita, M Ono, "{‘V:Stﬁibn? cﬁtz??l&au(})-ilfm
R : Demonstration study of positronium lifetime -
12 Hitachi Global Foundation imaging aimed at identifying intratumoral 1,000 0 0 0 S Takyu, H Wakizaka, M
2023 the 55th Kurata Grants hypoxic regions Takahashi, T Yamaya
KAKENHI 2023-2025 ;
13 | Grantin-Aid for  Scientific [.)evelopmer.ﬂ of 3D PET detector with TOF 900 0 0 270 | E Yoshida _
Research (C) 23K11913 time resolution on the order of 100 ps
KAKENHI 2022-2024 " " :
Al — Proposal of "Quantum PET" for sensing
Grant-in-Aid  for  Scientific
4 Research (C) 22K12881 radiation therapy effect by positron lifetime 700 0 0 210 | STakw K Matsumoto (QST)
KAKENHI 2023-2024 : ,
Al Development of ultra-high resolution small
15 | Grant-in-Aid for Early-Career ! 600 0 0 180 | HGKang -
Scientists 23K17239 animal PET system
Nakatani Foundation For 5th Jagiellonian Symposium on
16 Overseas Travel Grant Advances in Particle Physics and Medicine 400 0 0 0 | STakw
Nakatani Foundation
17 Overseas Travel Grant For 2024 IEEE NSS/MIC/RTSD 400 0 0 0 | HGKang
NIPS cooperative study by | Study ona 4-channel microstrip RF coil Md Shahadat Hossain
18 | functional imaging 2024 integrated PET insert with a 7T clinical MRI 285 0 0 0 | Akram, T Yamaya, F '(\g;‘;’;““aga (NIPS), T Obata
24NIPS630 system Nishikido, S Takyu
UV?OR Facility Usg at Study. on poslltron lifetime imaging S Tal.(yu, F Nishikido, H T Yoshitaka (IMS). T Hirade
19 | Institute for Molecular Science | technique using gamma ray beam at 262 0 0 0 | Tashima, T Yamaya, M (JAEA), K Matsumoto (QST)
2024 UVSOR Takahashi '
KAKENHI 2022-2024 i i
GrantinAid for  Scientiic | Dcvelopmentof respiratory disease .
20 | Research ©) prognosis prediction system- from COVID- 200 0 0 0 | Ylwao N Kawata, H Haneishi (Chiba U.)
22K12836 (Co-investigator) 19 infection to chronic progressive disease
KAKENHI 2023-2025 ] o M Yamaguchi (QST), S
21 Grant-in-Aid  for  Scientific | New method for real-time CT imaging 200 0 0 60 | HGKan Yamamoto (Waseda U.), T Ono,
Research(B) during particle beam cancer therapy 9 M Sakai (Gunma U.), H Watabe
23K28462 (Co-investigator) (Tohoku U.)
Collaborative Research | Practical application of next-generation
22 | Program at IMR Tohoku U. nuclear medicine concept WGI using a new 180 0 0 0 | TYamaya,etal A Yoshikawa (Tohoku U.)
202312-RDKGE-0024 scintillator (2024)
JSPS Invitational Fellowships ool :
for Research in Japan (Short- pplication of quantum science )
23 | term) Research  Support technologies to nuclear medicine and PET 150 0 0 0 | TYamaya etal C Levin (Stanford U)
Allowance
Sum 200,913 | 11,056 24,009 | 41,787
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Data of Imaging Physics Group (FY2009-FY2024)

| Fiscal year

2009 2010

2011 2012 2013 2014 2015

2016 2017 2018

2019

1. Research budget [x1,000 yen]

|- Internal budget (excluding labor)

|- Internal competitive grant

|- Competitive grant

| |- for internal use (excluding labor*)
| |- for distribution

|- Own income

48,913
17,666
17,445
13,802

61,869

8,092
16,812
36,965

144,380
102,350
1,170
40,860
28,460
12,400

108,649
92,730
0
15,919
14,919
1,000

134,001
86,482
0
47,519
35,269
12,250

121,711
55,299
0
66,412
33,234
33,178

117,564
36,973
3,000
717,591

42,935
34,656

76,145
16,658
6,000
53,487
50,287
3,200

71,129

20,601
7,000
43,528
40,628
2,900

102,369
36,139
20,000
45,530
43,630
1,900
700

96,207
26,177
20,050
49,980
49,480
500

* from 2021

2. Researchers
|- Permanent
I— Non-permanent (4-day or more /week)
|- Postdocs (+JSPS fellows)

cw—P®

14

3.5
29

N@—‘a’
o= @

93 11.0
3
6.0

20

45
28

11.0

6.0
20

Conference presentations
per researcher
expense [x1,000 yen]/presentation

Peer-reviewed articles
per researcher
expense [x1,000 yen]/article

Patents
|- Applications
|- Registered
per researcher
expense [x1,000 yen]/patent
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Teachings of Professor Nagaaki Ohyama (1954-2024)

AEHZREFCZE, KRETRD I E, —INHIT,
RIUKBBEEN L ES> L >TWEZ ETL

1995 FHE, RIAEHYEBEIZRICWLIAN
PET OtHFICEDL B E > DT 25X T NT=DH,
RIAZIRTH > 1= KILFET L Tz, BEERIICIZ, 255
O REXIEL TWB L T IZ, RILAREDBERE
BHROT—<%MY, Lol THi=<HRYFE
L7z ZTORFDORILFEIZ AL FETLT,

ALFEIF.RIATEER D, AALRERTBE
BRL R—ORFGEIR- £ty 24 —RK& LTUITH
PEEICEVWTEABREZRYIED > X7 LOEE
EFBWRITTEELA. 25 TT . vAF > N—Hh—
FoZDOmeB>T-EREREBRND - FOEHZDH
BDTT,

ZABRKLFEETTA, DOTIZERBERDOE
FIRT L7z, 1992 FIC, BRBEKREBICE T &
5B ETILEVWS b DERKXLE L (Figure
Do BEDEILERMICERL., BHER (T—%) &
BERICREIR T 2 DAEREH ERELRTHHAH LW
YEXHTYT, REBORBEHEET LELLAZY
AT Lv MY TR SlE OSEM 7 & OZF AL
B THEZYFIOL S ICEDNTUWETA, 2D
SlE. Ewf - BRET AL SEENZHORDTT,

Table 1 Chronology of Prof. Oyama’s Life (related to Yamaya).

See through the essence and do it seriously. - These are
teachings that Prof. Nagaaki Ohyama often said.

In 1995, | was in the Department of Mechanical Physics and
Engineering at Tokyo Institute of Technology. It was Prof.
Ohyama who gave me an opportunity to get involved in the
world of PET, when | was looking for a laboratory for my
graduate research, | came across the theme of image
reconstruction in the Ohyama laboratory, and | wanted to learn
more about it. At that time, Prof. Ohyama was 41 years old.

Even after retiring from Tokyo Institute of Technology, Prof.
Ohyama continued to pursue the ideal system for handling
personal information in government and medicine, as a Special
Professor and Director of the Advanced Research Center for
Social Information Science and Technology. Actually, he was
the creator of the Individual Number Card (the so-called “My-
Number-Card”) and the Basic Resident Registration Card,
which was the basis of the My-Number-Card.

Prof. Ohyama was an expert in image reconstruction. In 1992,
he proposed a continuous-discrete model image
reconstruction (Figure 1). Its idea was that the patient's body
should be described continuously and the detectors (data)
should be described discretely. A system matrix that models
the response function of detectors is now commonly used in
iterative reconstruction algorithms such as OSEM, but this
concept originally was born from the continuous-discrete
model.

for

Stjnad Resovery aed Sycthosic N 1992 Tochmeind Pgail St )
Age m e Samples (GARDS)
MY Events Yamaya Ohyama
3/1995 Yamaya’s bachelor degree 21 41
9/2000 Yamaya’s Ph. D. degree 26 46
Basic Resident Registration
8/2003 System ({£& 51 — F) started. 29 49
Yamaya transferred to NIRS
4/2004 30 50
(B EET).
Individual Number Card
1/2016 System (¥ 4 7751 — ) started. 41-42 61-62
Prof. Ohyama attended Figure 1 A conference record of the concept
11/2023  Yamaya's Hal Anger Award 49 69 of image reconstruction proposed by Prof.

cerebration party

Ohyama. ©1992, Optical Society of America
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RILFEED ZTIBEEA = (T 7-FD 2000 FICBL=
TR TEREE RILEEIZ 6 R -7T-Z & ITH
Vx39 (Figure 2 ), BB EF¥2VT 4D PETH
T 3 FERI% - 7-FAlE. 2004 &2 QST (MEoME
W) ICBRAZEZBZEERITLIDITTET A, 2D
BORILEEFZSDILNERCEHL /-2 &I2iY)
T, RLEELENEFVTWERELRERY
AT LDPBEFE SO ZFDEIETLIZOT, ShHH
BzIE, AEEREICATTRYBETERARIZRETL
7=OTL &9,

PET 21 B& % & ADT-FlE. ZTDETIEH LWTF
— LAY NR—|ZEEN, 2023 FIKEREZES LY
Hal Anger 8% B T &N TEF Lo ZFIT—E.
MEZYENFCEMLIZAICEONDIETL T,
BARANE L TEHICRY £9,

ZOERNSICRILEEIZZICRRTY 2 — L%
BAEDABLTHIT2IFT<NE L7 (Figure 2
B)o DI —YTHBRNILFAZEENT 20 FIT/HY
FIH RLEEDORE L AN FEZ - TEHEL L
PREDHL>TWEWRERBST-DERBITWET,

Aiidedld, 2024 £ 12 B 14 B(L)ic. Z&F 70
MICTCZHEINE LTz, KILAEBESEICHB
THRIELRERBVWETH, EFEPIFLIBRONEL
e BbIBSTHEHRHEVWEBS EELWVLTT AL K
WAEEDHZ ETENTIC, ROBTHIFERTHS
BRUWREDERICAITT [REZERBKWTEAR TP
2] #FEBELTVWELZVWEBRBVWEYD,  (LARE)
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Prof. Ohyama was 46 years old when | received a Ph. D
degree in 2000 under his supervision (Figure 2, left). After
three years of research in two different fields of information
security and PET, | decided to change my position to QST
(formerly the National Institute of Radiological Sciences) in
2004. It should be noted that Prof. Ohyama at that time was
the same age as | am now. Considering that the Basic Resident
Registration System, which Prof. Ohyama had put all his
efforts into, was launched in the year before, looking back now,
| saw him seriously working on social implementation.

After deciding to be a top researcher in PET physics, | was
blessed with wonderful team members and was able to receive
the Hal Anger Award from the Society of Nuclear Medicine in
2023. This award is given once every two years to a person
who has contributed to the field of nuclear medicine physics
worldwide, and | was the first Japanese to receive this award.

Prof. Ohyama somehow managed to adjust his busy schedule
to attend the award celebration party (Figure 2, right). It had
been 20 years since | left my roots in his Lab, but | remember
that Prof. Ohyama was as enthusiasm as he used to be when
| was his student.

Prof. Ohyama passed away on Saturday, December 141", 2024
at the age of 70. | think it is common to all graduates of his Lab
- including me - that they were often scolded by Prof. Ohyama
during their time there. Because he was such a great educator,
it is sad to imagine that | won't be scolded by Prof. Ohyama
anymore. However, | will not forget Prof. Ohyama's teachings
and | will continue to put into practice the mind set of “seeing
through the essence and doing it seriously”, in order to realize

my dream of a future free from illness. (Taiga Yamaya)

Figure 2 Prof. Ohyama and Yamaya just after Yamaya finished his Ph. D defense in 2000 (left picture).
Yamaya introducing Prof. Ohyama to the guests at Yamaya’s Hal Anger Award cerebration party in 2023 (right picture).
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WGI 4 SHE#EO T R ¥ —KIE

Energy calibration for the WGI 4" prototype

70 =

nE

AR B EET

Go Akamatsu, Senior Researcher

FL®IC

Whole gamma imaging (WGI) £ PET &> 7+
VhXAZEBE LT, QSTHB DA X — > FHHlT
THD (1], eHE%E 2 BEY v IRICEEBT S &
TOHBN Y RBIHDPET A X =2 > JI2< bR T,
VTN AYRBOAVY T R oA A= 7 AR
THD (2] AUA=ZDPRERIZD, HY<H AT
(SPECT) &V HmUWRHBREMNRARFFTE %,

INEFTIZ3I DD WGl HIEMAFEF L. “Sc b U
TIH Y <gA X =22 [1, 3], %Zr 909 keV #
RV T A A X =D (2], ¥Zr PET-Oa v
ThonATUy FAX=20 5 [4] e, REAR
BEFA A=Y v FEMORIMTICERY BA TE
Too NEVA D 4 SEAEHE (WGI-4) FAZTIE. 8EL
B W HEE O AZRIFTT 5 2 & T ¥2r O
VTN vA A=Y v oBBERLEEETEED
2, FED b AEBRRICHEREBRRINERE
EHTWD,

WGI-4 Tld, BEL. TRRHSBZNZTNICE LT,
Ay v BOMHMEER. MET L — 1R, &Y
A IVIEREAL WD, EBEMAEEZ S AR
RIETH7-01C1F, BHTEBHROBENEETH 5,
FETlE, WGl-4 D TR IILF—RIEFEE ¥Zrav
ThAAXA=D VT ORRERES 5,
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Introduction

Whole gamma imaging (WGI) is a novel concept combining
PET and Compton [11.
arrangement allows PET imaging of positron-annihilation 511

imaging A dual-ring detector
keV vy-ray pairs and Compton imaging of single y-rays.
Because WGI does not require a physical collimator, its
sensitivity might be higher than that of a conventional gamma

camera.

We have developed three prototype systems for proof-of-
concept of WGI applications: “4Sc triple-y imaging [1, 3], 8Zr
909 keV Compton imaging [2], and 8Zr PET-Compton hybrid
imaging [4]. For future development of a human-sized WGI
system, we are working on basic technology development
through developing a WGI 4 prototype (WGI-4).

The scatterer and absorber detectors of WGI-4 are operated
by the same data acquisition system. These detectors record
the position, energy, and timing information of y-rays they
detect. Accurate calibration of each piece of measurement

information is crucial for maximizing the performance of WGI.

This report presents energy calibration methods for WGI-4 and

89Zr Compton imaging results.

Ty

éﬁj

304 mm } Bastel GSO)
S o
o N, | e
& % 168 mm
3 7‘9 m'", ] Absorber detector
REVSS | 5 o o .
§ ] 102 mm
L]
4 e
y Scatterer detector
I
Ny
Axial view Side view

Figure 1 Configurations of the WGI 4t prototype: system appearance (a) and detector arrangements (b).
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Table 1 System specifications of the WGI 4" prototype.

Scatterer (inner ring) ‘

Absorber (outer ring)

Data acquisition system

PETsys TOFPET2 ASIC (PETsys Electronics)

Scintillator

Custom HR-GAGG (Tohoku Univ.)

Fast-LGSO (OXIDE Corp.)

Scintillator element size

1.45%x1.45%15 mm3

3.1x3.1x20 mm3

Scintillator array

14x14

8x8

Number of detector blocks

40

216

Photosensor SiPM (S14161-9865, Hamamatsu Photonics K.K.)
Photosensor active area size 3.0x3.0 mm?

Photosensor array 8x8

Photosensor overvoltage 48V 3.7V
Scintillator and photosensor coupling Crosshair light sharing (CLS) One-to-one
TOF measurement capability No Yes (<300 ps)
DOI measurement capability Yes (3 segments) No

WGl 4 SEFEEOMERE T2V F-RIEFE

WGI-4 D% Figure 1 3 £ O Table 1 (2R,
BELR SR IC IR EHBTHBEHAE L /-5
FILFE —HEBED HR-GAGG > v F L — 2 AEAL
[5]. DOI A EHITx 2 CLS BHESEARERA
L7 [6)o WRINAEHS2ICIE Fast-LGSO > v F L — %
HEAL, FEEKE S SIPM D 15t 1 #HE
XAEFEABL 7=,

PUFL—ANTOIRILF—FEEHNIEZ D IF
EVVFL—a HFEMER B2 SIPM OH
NEIPOBREAVYHROIXALF—FERLBEON
5, LHL, Hr~vRIx/L¥—¢& SiPM o hE
DERIGFEFRETHY . TRILF =D FWIT L SiIPM
DHAEPBEH B ERIEEIHD (Wb TF
al—>av), 0, BRETEH Y ERITRIIL
F—HABHMTH2EROBERRERANT, Ar=<
MTFxILF—L& SIPM HOEOBERERET 2HE
nH 5,

WGI-4 O T ZILF—HKIEIZIE *'Am, Y?Eu, YLy,
22Na, ¥'Cs, Zr #F W 7z, Zr @ 909 keV 2> 7" k
vAX=D VT BEL, BELRHERIE 60~511
keV., RIS HS8(% 307~909 keV DT RIIL ¥ —F %
BE L7z BBERBEOTRILF—INT ML B &
DHV~BIRIILFE—L SIPM £EHEE DFER%E
Figure2 ISRT, @ETDY Y FL—XEFICHWNT,
BIXILF—(IBITS SIPM HOHEOBEGRKZD &
ICREXZEHL, THRALF-—REZIT>7
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Energy calibration scheme for WGI-4

Figure 1 and Table 1 show configurations and specifications of
the WGI-4. We used HR-GAGG scintillators, which were
collaboratively developed with Tohoku University [5], for
scatterer detectors. In addition, we used a crosshair light-
sharing (CLS) configuration to get depth-of-interaction (DOI)
information [6]. For absorber detectors, we used fast-LGSO

scintillators with a one-to-one coupling to a SiPM photosensor.

The energy information can be obtained based on the SiPM
output pulse height because the number of scintillation
photons increases with the deposited energy of the y-rays.
However, the relationship between the deposited y-ray energy
and the SiPM output pulse height was non-linear because of
the limited number of SiPM micro-pixels (the so called
saturation effect). Energy calibration is therefore needed
based on the relationship between the y-ray energy and the

SiPM output pulse height.

We used 2'Am, 2Eu, '8Lu, #Na, '¥’Cs, ®2Zr for energy
calibration of WGI-4. For optimizing 8Zr 909 keV Compton
imaging, we measured the 60-511 keV range for scatterer
detectors and the 307-909 keV range for absorber detectors.
Figure 2 shows energy spectra for all measured radioisotopes
and the relationships between the y-ray energy and the SiPM
output pulse height. Energy calibrations have been applied to

all scintillators.
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(b) Absorber
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Figure 2 Energy calibration scheme for scatterer (a) and absorber (b) detectors.

REED 2 RTTIFRILE—ZXART PV

8Zr D 2 RITTTFIINLF—ART bL (BELIR S
& RUNAE H 28 D RIFETEL A N> k) % Figure 3 (TR
9, bll keV TRILF—1 SOATIRILF—KIE
L7fEskFEL, ERIT X LF—TIRILF—KIE
L7IREFETHE L7z, 909 keV OV T h AR
Y hMZBWT, BIVEHBICE T2 5T 2/LF — 1
DERUEIPREZINTWNWDE Z EDDH D,

—
Q
—

200
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Scatterer energy (keV)

800
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2D energy spectra after energy calibration

Figure 3 shows 2D energy spectra of scatterer and absorber
coincidence events for 8Zr. We compared them between the
conventional energy calibration method using a 511 keV single
energy and the proposed energy calibration method using
multiple energies. The linearity for 909 keV Compton events in
the absorber detector was improved by the proposed energy

calibration method.

0
(b) 909 keV
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> 400
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Figure 3 2D energy spectra of scatterer and absorber coincidence events for 8Zr: The conventional energy calibration method
with a 511 keV single energy (a) and the proposed energy calibration method with multiple energies (b).
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8Zr-oxalate AV T b A XA =I5

89Zr-oxalate #¥& 5 L 1-EB~ 7 XDIRGHEB%*
1T-7-. BE5HMEEEIL 9.6 MBqg T. #5 24 B
£V 60 EmR L7z TRILF—T A > F 7 ILELEL
1% 2% 80-400 keV., WRUNI%H 25 620-850 keV, EXEL
T 28+ RIS H 28 800-1100 keV (2% E L. OSEM
ICCEMGREBRERL L 7=, Figure 412909 keV # > <%
OaAV7ThvBEBRERS, IV T A A=T T
ICk->T3mmBBEDBERARETE,

Feo

WGI-4 D T3 I)ILF—RIEZTTL, 909 keV 2>
PrARY MIEHT2TRILF-—BRENHEIN
7=.%7Zr-oxalate %5 L 7-IEE~ 7 XD 909 keV O
VTR AA=D A& Y 3 mm RRED/NER
DEHLAETH D Z & ER LT

10 mm
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8Zr-oxalate Compton imaging

We conducted 60-min Compton imaging of a normal mouse
from 24 h after 8Zr-oxalate injection (9.6 MBq). Energy
windows were 80-400 keV for scatterer detectors, 620-850 keV
for absorber detectors, and 800-1100 keV for the combined
energy of scatterer Image
reconstruction was performed with the OSEM algorithm.
Figure 4 shows 909 keV Compton MIP images. Small bone
uptakes of around 3 mm could be visualized by Compton
imaging.

and absorber detectors.

Conclusion

Energy calibration of the WGI-4 prototype was performed to
improve the linearity for 909 keV Compton events. Results
from the 89Zr-oxalate normal mouse imaging test demonstrated
that 909 keV Compton imaging could visualize about 3 mm
small uptakes.

Figure 4 909 keV Compton MIP images for a 8Zr-oxalate normal mouse.
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Rt

Design study of clinical whole gamma imaging systems

i B QST U H—F 722> M/FEKX (BHRE B2 54%)
Tomoya Kikuchi, QST Research Assistant / Chiba University (Suga-lab, M2)

EL&IC

Whole gamma imaging (WGI) £ PET &3> 7+
VHAAZERHAEDEIHLVWKERA A=V T
FETHB[1], PET #iHgs) > 7 ORANICEELRH
UV I ZBBAL, 2 DOEBBIAA=VVITEX
VT 4% 12DV RT LTERT %, QST TIE/NE
WA WGl A FORFE T EDTH Y, EE4 SHE
HEICDOWTIRE L[2,3]. PET @A X —2 v FHEEIS
WA T oA A=V FHREEER L 72[2],
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Introduction

Whole gamma imaging (WGI) is a new nuclear medicine
imaging method that combines PET and Compton imaging [1].
By inserting a scatter detector ring inside a PET detector ring,
it is possible to combine the two different imaging modalities
into one system. We have been developing small animal WGI
prototypes. Last year, we reported the fourth prototype [2, 3].
Previously, we achieved Compton imaging performance that is
close to PET imaging performance [2].

In this study, we primarily aimed at designing clinical WGI
systems based on the knowledge obtained in the small animal
prototyping. Using Monte Carlo simulation, we investigated
how much the system performance, particularly its spatial
resolution, deteriorates in a clinical setting. The diameter of the
scatter detector ring in the clinical WGI system for human
imaging becomes longer than that in the small animal WGI
prototype, and therefore the distance between the scatterer
and absorber is relatively short. In this case, it is predicted to
degrade the spatial resolution of Compton imaging. To mitigate
this issue, placing the scatter detector as close as possible to
the radiation source is desirable. Therefore, we additionally
considered an elliptical detector arrangement that allows the
detectors to be positioned closer. The detector arrangement
was designed with consideration for the patient and the
thickness of the bed, ensuring that the center of the patient’s
body aligns with the center of the field of view (FOV).

Simulated systems and image quality evaluation

Using GEANT4, we modeled clinical WGI systems employing
HR-GAGG crystals as the scatterer and LGSO crystals as the
absorber (Figure 1). Major specifications of simulated
geometries are summarized in Table 1. The radius of the
absorber rings was 510 mm. One absorber ring consisted of
256 detectors. The radius of the circular scatterer ring
arrangement was 270 mm, and one scatterer ring consisted of
64 detectors. In the case of the elliptical arrangement, the
semi-major and semi-minor axes of the scatterer rings were
270 mm and 240 mm, and one scatterer ring consisted of 60
detectors.
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The 8Zr-injected Derenzo-like phantom (Figure 2) was
modeled and placed in the center of the FOV and offset 190
mm from the center of the FOV in the simulation. The Derenzo-
like phantom had five clusters, each of which had 10, 8, 5, 4,
and 3 mm diameter rods. The image reconstruction was
performed using the list-mode ordered subset expectation
maximization method. The number of subsets was 8, and up
to 20 iterations were performed. The size of each image voxel
was 1.5 x 1.5 x 1.5 mm?3,

Elliptical ring

1020 mm

1.5 mm

—ooooo

156 mm

lllustrations of the simulated clinical WG| geometries

Table 1 Major specifications of the simulated geometries.

Absorber Scatterer
(PET ring) Circular ring Elliptical ring
Scintillator material LGSO HR-GAGG
Energy resolution at 511 keV 13.7% 4.6%
Size of crystals 3.0 x 3.0 x 20 mm?® 1.5x 1.5 x5 mm?
Number of crystals per detector 8x8x1 16 x 16 x 3
DOI Non-DOI 3-layer DOI
Number of detectors (per ring) 768 (256) 320 (64) 300 (60)
Number of rings 3 5
Front view Side view

8 mm 10 mm

5 Hiti 3 mm

4 mm

\!
1
1
1
1
|
1
1
1
1

78 mm

Figure 2

lllustrations of the simulated Derenzo-like phantom and the position inside the scatterer ring.
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Result

Table 2 shows the detection fractions of PET and Compton
events for 909 keV energy at each source location for the two
shapes of detector rings. At the center of the FOV, the circular
arrangement had slightly better sensitivity than the elliptical
arrangement. However, no significant sensitivity differences
were found at the periphery region (offset 190 mm) between
the circular and elliptical scatterer arrangement. We expected
that the elliptical arrangement would have a higher sensitivity
at the periphery, but it did not. We considered this was because
the number of detectors was reduced although the elliptical
arrangement brought the scatterer detectors closer to the
source.

Figure 3 (a) shows the PET images of the Derenzo-like
phantom. We selected the PET images obtained after 4
iterations. PET imaging achieved a spatial resolution of 3 mm,
regardless of the source location or the configuration of the
scatter detectors. Figure 3 (b) shows Compton images of the
Derenzo-like phantom. We selected the Compton images
obtained after 20 iterations. No significant difference in rod
discrimination was observed between the two scatterer
arrangements. At the center of the FOV, both arrangements
resolved 8 mm rods, and at the periphery (offset 190 mm), 4
mm rods were resolved.

The results suggest that at the periphery, the performance of
Compton imaging is comparable to PET imaging. However,
further improvement in the Compton imaging performance at
the center of the FOV is necessary.

Table 2 Fractions of detected PET and Compton events against number of decays
at each source location and shape of detector rings

PET Compton (909 keV)
Circular ring Elliptical ring Circular ring | Elliptical ring
Center 2.3% 2.2% 0.28% 0.27%
Offset 190 mm 2.0% 2.0% 0.35% 0.35%
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(a) PET Circle Ellipse (b) Compton Circle Ellipse

' — .

Figure 3 Derenzo-like phantom simulation: PET reconstruction images (a) and Compton reconstruction images (b).

Offset 0 mm Offset 0 mm

Offset 190 mm Offset 190 mm

E )] Conclusion

AFECIE. v Ial— a3tk EBEA WG In this study, we evaluated the PET imaging and Compton
OPETAA =D P B LV TR oA X =D imaging performance of clinical WGl systems using

i A T " sEA simulations. For PET, a rod resolution of 3 mm within the FOV
MEREZ FFE L 7o PET ZAREFEHAT I mm OOy was predicted, while for Compton imaging, a rod resolution of

FRBRRE. 2> T R A X =YY I TREEBHLT 8 mm at the center of the FOV was predicted. At the periphery,
8 mm AFR NI, BEHIHTIIAFDOEHIZEE  rod resolutions of 4 mm and 3 mm were predicted with the
T4 mm, BAFOBHBEE T3 mm OBy K4 circular scatter detector arrangement and the elliptical scatter
REEN TR I N, B2 X BRHEBRBOISAS arrangement, respectively. We will continue to investigate the

B O SR EDRERAIT-> T WL FETH detector arrangement and develop a high-performance
2 : detector.
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Introduction

In recent years, dementia, including Alzheimer's disease, has
become a social problem as the population ages. PET
visualization of the amyloid-f distribution and SPECT
visualization of perfusion are useful in diagnosing dementia.
QST is developing whole gamma imaging (WGI), which is a
new nuclear medicine imaging method that combines PET and
Compton imaging by placing a scattering detector ring inside
the PET detector ring [1, 2]. Compton imaging is an imaging
technique that can image single gamma-ray emitters like
SPECT and can measure gamma rays over a wide energy
range. Therefore, by realizing WGI for brain measurement, it
is expected that simultaneous PET and SPECT imaging will
provide multi-modality information in a single measurement,
enabling rapid and accurate diagnosis.

To date, we have developed several small animal-sized WGI
prototypes. Also, we started a simulation study for whole
human-body-sized the
performance of WGI sized for the head is unknown. Especially,
to develop brain-dedicated WGI capable of simultaneous PET
and SPECT imaging, it is necessary to predict Compton
imaging performance and optimize the system parameters,
such as detector arrangement. Therefore, we constructed
geometries of the WGI dedicated to the brain regarding the
parameters of the WGI-4 under development and we
evaluated performance through

systems.  However, imaging

basic Monte Carlo

simulations.

Method

We used Geant4, and simulated point source measurements
of positron emitters placed at the center of the ring in the
geometry shown in Figure 1, varying only the diameter of the
absorber detector ring. We set the radioactivity to 1 MBg and
the measurement time to 30 s. The Compton events at 511
keV were extracted using energy windows of 50-250 keV for
the scatterer detector, 260—460 keV for the absorber detector,
and 470-545 keV for the total, along with a coincidence time
window of 20 ns. We compared Compton sensitivity and
angular resolution measure (ARM) as basic performance
items.
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Absorber
LGSO 11.0%@511KeV

24mm

15mm

304mm

Scatterer
GAGG 7.7%@511KeV

48mm

20mm

Figure 1 The simulated geometries: The absorber diameter was varied as 490, 610, and 735 mm
with the number of blocks of 32, 40, and 48 per ring for 6 rings (192, 240, and 288 blocks in total).
The scatterer ring was fixed at 305 mm in diameter with 40 blocks per ring for 11 rings (440 blocks in total).
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Results

Figure 2 shows the Compton sensitivity and ARM versus the
diameter of the absorber detector ring. Compton sensitivity
decreased as the absorption detector ring increased in size,
but ARM had its best value when the ring diameter was at its
largest.
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Conclusion

In this preliminary study, positron emitters were modeled as the
nuclide, and the performance of the geometries of the brain-
dedicated WGI was evaluated with Compton sensitivity and
angular resolution. In the future, we plan to evaluate the
performance using the nuclides of SPECT and conduct
imaging simulations.

Hideaki Tashima, Go Akamatsu, Taiga Yamaya (QST)

E. Yoshida, et al., “Whole gamma imaging: a new concept of PET combined with Compton imaging,” Phys. Med. Biol., 65,
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Introduction

Whole gamma imaging (WGI) is a dream technology that
combines both PET and Compton cameras to enable three-
dimensional imaging of positron emitters as well as single
gamma ray emitters [1]. Specifically, WGI records not only PET
events, which measure coincidence events of a pair of gamma
rays produced from positron decay, but also single gamma
rays as Compton events. This means that WGI is expected to
improve image quality and sensitivity by measuring and
utilizing single gamma ray events that were previously
overlooked by PET systems.

QST researchers have been focused on enhancing the image
quality of WGI systems through hardware improvements, such
as improving the performance of the scatter detector [2] and
optimizing the system design [3]. On the other hand, there has
also been an effort to improve the imaging performance of the
WGI from the software side, i.e., a unique PET-Compton hybrid
reconstruction method for WGI [4].

In this study, we propose a synergistic PET-Compton image
reconstruction method that improves WGI image quality
through software improvements by devising an algorithm
based on the idea of using PET images to improve Compton
images and using Compton images to improve PET images.
The proposed method seeks to enhance the image quality of
WGI by mathematically defining the relationship between PET
and Compton images as prior information and integrating it into
both iterative image reconstruction processes. This approach
is expected to enable the reconstruction of high-quality PET
and Compton images within a robust mathematical framework.
Furthermore, the method has potential not only for cases
where PET and Compton cameras image the same
radionuclide distribution, such as with the PET nuclide 8°Zr, but
also for cases where they image different radionuclide
distributions. In this report, we explore the possible application
of the proposed method using Monte Carlo simulation,
assuming PET nuclides as a proof of principle.
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Proposed method

In the proposed synergistic image reconstruction method, we
define the reconstruction of both PET and Compton images as
a single optimization problem, rather than reconstructing PET
and Compton images separately, as follows,

max L(yp|xp) + L(y.lx.) — [)’U(xp, xc)
XpXc

T 2T, LIZNELERRI, y, &xp. v ExldEN
ZNPET, a7 by o7 —& L RAMBEKRTH
%, A5IC, PET B a7 v EGROBEGRESE
BIERUE L TERL, BENBGEERZIT . &
BLIEEFIBROFLE LG T B/ A /=T X —
XTHD,

AR TIE, Figure 1 ISR 3 ATy 77T
VX LZxABWT ELi&BEEZ#Z [5],

(1) SARFRBFERAL (MAPEM) 7130 X4

ZFWT PET BIRBERZIT D,

MAPEM 7L I3U X LxFEAWTaY 7 b Bk
BEREZIT,

(2)

PET EfEav 7 b vEKRICET 2ERIER
(prior) %BHT 5,

3)

SEOEETIE. PET Bk 3> 7+ v EGHRLE
— 5%, ThbBEY b O RIEETH B ERE
L. UFD2 20T L% —BfeREf L1

PET data

where L is the log-likelihood function, and y,, x, and y., x,
are the measured data and unknown images of the PET and
Compton modalities, respectively. In addition, we define the
correlations between PET and Compton images as prior
information U for synergistic image reconstruction, and B is
a hyperparameter that controls the influence of the prior
information.

In this study, we solve the above optimization problem in a
three-step algorithm, as shown in Figure 1 [5].

(1)

Reconstruct the PET image using the maximum a
posteriori expectation maximization (MAPEM) algorithm.

(2) Reconstruct the Compton image using the MAPEM

algorithm.

@)

Update the prior information about correlations between
PET and Compton images.

In the experiment, we assumed PET and Compton images had
the same activity distribution, and we designed two different

energy functions as follows.

Same positron
emitters’ distribution

Compton data

Figure 1

26

MAP recon. )

x Updated image
Calc. prior |,

N Updated image
MAP recon.

Overview of the proposed synergistic PET-Compton reconstruction.
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We performed a numerical experiment using Monte Carlo

[

Results

simulations [4] to evaluate the feasibility of the proposed
method. The reconstructed results are shown in Figure 2. We
evaluated reconstructed results for separately reconstructing
PET and Compton images using the OSEM method. The
trade-off curves with the FWHM of point sources and the
background noise (COV) in the PET images are shown in
Figure 3.

The simulation results showed that the proposed
reconstruction method, especially the method using the
reversed Gaussian prior, can improve spatial resolution of PET
images while mitigating statistical noise compared to the
OSEM method, which separately performs the PET and
Compton image reconstructions. In addition, the proposed
method can obtain Compton images comparable to PET

images.

Proposed synergistic reconstruction

OSEM

Gap preserving

Reversed Gaussian

PET image

Compton image

Figure 2 Reconstructed results of the Monte Carlo simulation data:
OSEM, proposed method with gap preserving prior, and reserved Gaussian prior (left-to-right).
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Figure 3 Mean FWHM-noise tradeoff curves with different reconstruction algorithms for PET:
the OSEM, the proposed synergistic reconstruction with gap preserving prior, and reversed Gaussian prior.
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Conclusion

In this study, we proposed a synergistic PET-Compton image
reconstruction method that simultaneously performed PET and
Compton image reconstruction, improving the image quality of
WGI through software improvements, and we verified its
feasibility through simulation experiments. Specifically, we
mathematically described the relationship between PET and
Compton images as prior information, and integrated it into
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processes. The experimental results showed that the proposed
method could improve the spatial resolution while mitigating
the statistical noise of PET images by using Compton events
in addition to PET events, suggesting the possibility that WGI
could push the limits of spatial resolution of PET images. In the
future, we expect to achieve multi-tracer imaging by
appropriately designing prior information.
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Introduction

Whole gamma imaging (WGI) is our original concept
combining PET and Compton imaging techniques so as to
utilize all measured gamma rays for imaging. [1]. As shown in
Figure 1, the WGI is enabled by inserting a scatterer ring in a
PET ring, which also works as an absorber in Compton
imaging. Therefore, the WGI system can obtain not only PET
images but also Compton images. Previously, we developed
several types of WGI prototypes. In these prototypes, the
scatterer detector ring consisting of GSOZ and GAGG
scintillation crystals was inserted in the bore of a PET ring. As
a result, good Compton images of volumetric phantoms could
be obtained for high energy gamma rays with the WGI
prototype (over ~500 keV) [2]. On the other hand, satisfactory
Compton images have not been obtained for low-energy
gamma rays.

The selection of suitable scintillators as the WGI scatterer
imager is important in terms of its high sensitivity for the high
energy gamma rays. However, some scintillators may have
limitations for their use in WGI, in terms of energy resolution
and Doppler broadening in Compton imaging.
Compton scattering efficiency is low for low energy gamma
rays. Therefore, this work aimed at developing a silicon
detector, which would be a better choice for the scatterer, in
particular, for low energy gamma rays because of its better
energy resolution and higher scattering efficiency in the low
energy region than those of the scintillators. We have started
development of a WGI system based on Si scatterers.

In addition,

We previously developed scatterer prototypes which consisted
of double-sided silicon-strip detectors (DSSDs) (Figure 2) and
evaluated their performances for low-energy gamma rays and
x-rays from Am-142, Ba-133 and Co-57 point sources. As a
result, x-ray energy peaks lower than 50 keV could be clearly
recognized when the temperature was below -10 °C. The
energy resolutions of 4.0%, 3.6% and 2.2% were obtained at -
20 °C for 59.5 keV (Am-241), 81 keV (Ba-133) and 122 keV
(Co-57), respectively. There results were reported in the 2023
annual report [3].

As a next step, we are developing a prototype Compton
imaging system using our DSSD detector and a PET detector
(e.g. absorber) based on commercially available PET



PET

HEs(BELRH2R) E iR& T3 PETsys FtH L
[B]E% (PETsys Electronics, Portugal) % f3\ 7= PET i&
HEELBER) L O RZEEI Y T A X =D T
R H 2R @%%%L&)’Cb\é LAL. 2 2oL
AT LIFTERICHDOEFED /-0, %ﬂa@ﬂ%%
t%szAmﬁﬁﬁn%taéoﬁﬁm
ZnrEtiEE - R - Ellz{ﬂﬁ%%@ﬁé%ﬁ%%ﬁ%?%o

MPPC

%em

PET Ring (Absorber) QQE iy,
& %

Si
This work
Figure 1 Principle of whole gamma imaging, WGI.
EREy TPy 7
AEAV TP A X =YV TR, B4 DB

EICHFE L Si BELBERemikanTWd PET
FTHLXTLZERLZRINEHSEI DR S, &
DarF v 7l DSSD #EAL 7z (Figure 3),

DSSD Fv 7Dl % Figure 2 ISRd, Fv 7 0Y
A X% 45.5 mm x45.5 mm. D5 HLHERBERA 43.2
mmx43.2 mm, A bYU v 7EYyFIZ900 um TH
5, EX12600 um THB, A MYy TOHEITHA
48 ch TH 5, ASIC (VATA4L50.3) X BTEIEIRESS. K
FEEF, AD > NN—XDHEEIPNBINTWLS,

Hhani- \‘/’/'J)l/ﬂSLtT ZHFPGA, PCIZ &L
WINE - BEESIND, Figure 4 ITRITEY .

DSSD & ASIC EREIE 7L =7 L8y —IL KR
v 7 ZARICPNABINT WD, @ TORE CTHMEE
I3+200 V & L7z, RINEHERIZRZ A —FAD
GAGG ¥ > FL—%, ¥Uar 7+ k<IL(SIPM),

PETsys st L > A T LA TR E N T W B (Figure
5), GAGG fERD Y 4 Xt 1.5 mmx1.5 mmx5.0
mm. 7LAHA4X13 x 13 (EB)HLN14 x 14
Cﬂﬂf%é SiPM ~DOENEBEIE+41.6 V TH

%, MEFRRFEITEREDOHRICEE+20 CICfR-
726
Figure 6 I Si DatH LAA— K & PETsys B 7% %

FHA R T L% g, PETsys 25 MHz D7 B

se)ty MESZHNT 27-%H, PETsys & IR
HINTBER7 7 L7z T7E28ALT, Uty

30

2024 Report on PET Imaging Physics Research

electronics, the PETsys readout system (PETsys Electronics,
Portugal). However, the PETsys readout system operates
independently of the Si scatterer system. Therefore, we
developed a system for
measurements with the Si scatterer and absorber based on the
PETsys. In this report, we report details of the detectors,
coincidence method and evaluation results.

synchronization coincidence

Parameters of DSSD chip

Chip size(mm) 45.5+0.02
Sensitive area(mm?) 432 %X43.2
Strip pitch (um) 900
No. of strips (ch) 48
Thickness (um) 600£15

Operation Voltage (V) <200

Capacitance (pF/strip) 31

Figure 2 Photograph and parameters of DSSD chip.

Experimental setup

The prototype Compton imaging system consisted of the Si
scatterer we previously developed and the absorber based on
the commercial PETsys readout system (Figure 3). The Si chip
was a DSSD. Figure 2 shows photographs and specifications
of the DSSD chip. The total chip size of the DSSD was 45.5
mm % 45.5 mm and its thickness was 600 pm. The size of the
sensitive region was 43.2 mm x 43.2 mm. The strip pitch was
900 pm and the number of strips was 48 channels for each
side. The DSSD chip was connected to the readout board with
ASICs (VATA450.3) which contained pre-amplifiers, shapers
and analog-to-digital circuits. Digitalized data from the ASICs
were collected and recorded with a FPGA board and a control
PC. Figure 4 shows the DSSD and ASIC readout circuit with
ASICs. The DSSD and readout circuits were shielded with an
Al shielding box. Applied bias voltage was +200 V in all
measurements. The absorber consisted of a stagger type
GAGG scintillator array, a silicon photomultiplier (SiPM) array
and the PETsys readout system. A photograph of the absorber
is shown in Figure 5. The GAGG crystals were 1.5 mm x 1.5
mm x 5.0 mm. Array sizes were 13 x 13 (top) and 14 x 14
(bottom). Applied voltage for the SiPM was +41.6 V.
measurements, the prototype was operated using a thermostat

In

and temperature was set to +20 °C.

Figure 6 shows a photo of the synchronization system which
consisted of the readout board for the Si scatterer and the
PETsys. We applied modified PETsys firmware provided from
the electronics system manufacturer to generate the 25 MHz
clock signal and the reset signal which was generated at the
clock reset timing in the PETsys readout system. The clock
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board of the PETsys and the FPGA board of the Si scatterer
were connected with a cable for synchronization of the two
systems. Measurements were started by running different DAQ
programs installed in the respective PCs. A clock counter in the
Si scatterer was reset by the reset signal from the PETsys and
it counted the 25 MHz clock signals. On the other hand, the
PETsys counted 200 MHz clock signals from an internal clock
generator of the PETsys. As a result, both systems obtained
synchronized timing information.

Figure 4 Photograph of Si scatterer.

__Cable for

PETsyd
for GAGG absorber

Figure 6 Photograph of readout board for Si and PETsys.
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Experimental results

Figure 7 shows clock count numbers during several seconds
from the start of measurement. Count numbers were
increasing as time passed and the count was set to zero by the
reset signal. After that, count numbers increased until they
overflowed. This meant that the synchronization system was
working well. Figure 8 shows the coincidence timing spectrum.
The time differences between the single event data of the Si
scatterer and the GAGG absorber were calculated. A peak of
coincidence events was observed, and timing resolution was
better than ~2 ps. No corrections were applied in this analysis.
The coincidence timing resolution could be improved by
applying timing correction for each channel. Next, energy
information of both detectors was evaluated. Figures 9 and 10
show energy spectra of Ba-133 point source for the Si and PET
detectors in the coincidence measurement. In the spectrum of
the Si scatterer, the peak at about 31 keV was completely
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separated from the noise component. In the spectrum of both
detectors, the peak at about 81 keV was clearly observed.
Those results were sufficient for the detectors of Compton
imaging.

Conclusion

We developed the prototype Compton imaging system that
combined the Si scatterer we previously developed and the
PETsys-based absorber. We obtained the coincidence timing
information of the prototype system and the energy spectra of
both detectors in coincidence measurement. In the future, we
will conduct imaging experiments and evaluate imaging
performance of the prototype system.

~1.9 ps
—:

Figure 8 Timing histogram of absorber for Ba-133 irradiation.

81.0 keV peak

Counts

.
A e g,
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Figure 9 Energy spectrum of Si scatterer for Ba -133 irradiation. Figure 10 Energy spectrum of absorber for Ba-133 irradiation.
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Introduction

Objective symptoms that are relatively easy to evaluate, such

as motor paralysis, have significantly advanced our
understanding of brain function localization by correlating
these symptoms with specific brain injury sites. Similarly, the
responsible brain regions for short-term memory impairment,
a representative symptom of dementia, are gradually being
identified. However, it remains challenging to decide brain
regions responsible for subtle symptoms or symptoms that are

difficult to describe.

High-precision PET imaging holds promise as a non-invasive
approach to address these challenges. Our research group
has been working on developing PET systems to achieve this
goal. We have demonstrated that FDG-PET imaging of healthy
adult volunteers using our newly developed head-dedicated
commercial PET system (VRAIN) provides higher-resolution
images compared to a high-end whole-body PET scanner [1].
Notably, in deep brain regions such as the thalamus and
brainstem, VRAIN successfully identified small structures that
could not be visualized with conventional PET scanners [2].

The aim of the present study was to elucidate the advantages
of VRAIN for obtaining amyloid-PET images, compared to
those obtained with a high-end whole-body PET scanner.

Material and Methods

Participants in this study were patients who subjectively
complained of cognitive decline and scored 24 or higher on a
questionnaire-based screening tool, the mini-mental state
examination (MMSE; a perfect score is 30),. On the first day,
participants underwent MRI for screening, followed by FDG-
PET imaging using the VRAIN. On the second day, amyloid
PET imaging was performed using both the VRAIN and a high-
end whole-body PET scanner (GE, Discovery MI-5ring). The
order of scans alternated for participants: half underwent
VRAIN imaging first, followed by whole-body PET, while the
other half had the order reversed. The study protocol is
outlined in Figure 1.
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The administered doses for amyloid PET and FDG-PET were
370 MBq of '"8F-florbetapir and 4.0 MBg/kg of 8F-
fluorodeoxyglucose (per
respectively. The FDG-PET scan started 30 minutes post-

kilogram of body weight).,
injection and lasted 25 minutes. For amyloid PET, a 10-minute
scan was conducted 30 minutes post-injection, followed by a
20-minute scan, with a 10-minute interval between the two
scans. MRI acquisitions included 3D T1-weighted imaging
(T1WI), T2-weighted (T2wW1),
inversion recovery and magnetic

imaging fluid-attenuated

(FLAIR), resonance

angiography (MRA).

Initially, the acquired images were evaluated visually. For
amyloid PET, positivity or negativity was assessed following
established guidelines. Subsequently, amyloid tracer
accumulation was quantitatively evaluated using the mean
cortical standardized uptake value ratio (mcSUVR). The
mcSUVR was calculated by dividing the standardized uptake
values (SUVs) of the cerebral cortex by those of the cerebellar
cortex, which was an amyloid-free reference region. Amyloid
PET images were coregistered to T1WI images for analysis.
Regions of interest (ROIs) were delineated by contouring the
cerebral cortex in the T1WI images and applying these ROls

to the PET images.

Day 1 FD3()3(3PE"I'
MRI min
FDG iv
4 MBq/kg
Day 2
Amyloid PET

‘ 30min ]

Florbetapir iv
370 MBqg

. [l—a |

25min scan

VRAIN*

e
|

«— §

=

VRAIN* uWhole-body PET
* %

Figure 1 Protocol of the study. VRAIN* is the brain-dedicated PET we developed.
** Half the cases had the VRAIN scan first and the whole-body PET second; the other half had the reversed order.
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Results

Representative images of positive and negative amyloid PET
scans are shown in Figures 2 and 3, respectively. The
judgments of the positivity were in concordance between the
images obtained with the VRAIN and with the whole-body |
PET except for one case, in which part of the cortical regions
appeared positive in the VRAIN images but negative in the
whole-body PET images. This was likely due to slightly
enlarged cortical sulci, which may have caused reduced tracer
accumulation in the cortex. Notably, in the brainstem region,
off-target accumulation in the white matter was more distinctly
visualized in the Vrain images (Figure 4).

Comparison of the mean cortical standardized uptake value
ratios (McSUVRs) revealed that they were approximately 10%
lower in VRAIN images compared to the whole-body PET
images for amyloid-negative cases. However, mcSUVRs were
nearly identical between the two imaging methods for amyloid-
positive regions (the differences were less than 5%).

o

Figure 2 Representative amyloid PET images of negative cases;
Left, images obtained with VRAIN; Right, those obtained with the whole-body PET.

Figure 3 Representative amyloid PET images of positive cases;
Left, images obtained with VRAIN; Right, those obtained with the whole-body PET.
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Figure 4 Representative images at the level of the brainstem.
(a) VRAIN image of a 10-min scan and (b) a whole-body PET image of a 20-min scan of a negative case.
(c) VRAIN image of a 20-min scan and (d) a whole-body PET image of 10-min scan of a positive case.
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Discussion

This study revealed two main findings. First, the images
obtained with VRAIN were almost identical to those acquired
with the whole-body PET, but the VRAIN images provided
clearer visualization of small regions, aiding in the identification
of cortical amyloid PET tracer accumulation. Second, mcSUVR
values measured with VRAIN were lower in amyloid-negative
cases but nearly identical in amyloid-positive cases compared
to those obtained with the whole-body PET, suggesting that
VRAIN images reduce the spillover effect from off-target
accumulation in the white matter.

The cortical accumulation amyloid tracer varied between
participants, while some regions were commonly positive.
FDG-PET images also exhibited variability, ranging from
normal to slight decreases in the temporal area. To evaluate
individual brain function more accurately considering the
slightly variable findings, it is insufficient to only determine
positive or negative findings for amyloid PET. Spatial and
longitudinal analyses of abnormal findings are essential to
elucidate the pathological and functional statuses of individual
patients.

Since tracer accumulation must be evaluated in cortical
regions, which are only 3 to 5 mm thick and located adjacent
to areas of high off-target accumulation in the white matter in
a complex manner, high-performance brain-dedicated PET
systems like VRAIN are valuable. Such systems enable
precise evaluation of small structures like the cortical regions.

Conclusion

Amyloid PET imaging with VRAIN demonstrated higher
accuracy in visualizing the cortex, while minimizing the
influence of nonspecific accumulation in the adjacent white
matter.

Go Akamatsu, Yuma Iwao, Hideaki Tashima (QST)

G. Akamatsu, et al., “Performance evaluation of VRAIN: a brain-dedicated PET with a hemispherical detector arrangement.”

M. Takahashi, et al., “Small nuclei identification with a hemispherical brain PET.” EJNMMI Phys. 2022 Oct 8;9(1):69.
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Attenuation correction method developed for VRAIN
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Introduction

The pharmaceutical approval of the Alzheimer's disease
progression inhibitor “recanemab”, in September 2023 has
significantly increased interest in head PET scans.

Our research team developed VRAIN, a compact, head-
specific PET device dedicated to brain imaging. In 2022,
we achieved product commercialization and demonstrated
a high-resolution capability of 2.2 mm, higher than that of
conventional devices [1]. In PET image reconstruction,
attenuation correction (AC) is essential to compensate for
gamma-ray attenuation and improve quantification. The
correction requires an attenuation correction coefficient
map (U-map), which is typically generated from CT images
VRAIN, a
standalone PET system without a CT scanner, generated

in integrated PET-CT systems. However,
this y-map from separately acquired CT images, but there
has been a demand for the realization of AC using PET
alone. A conventional method, emission segmentation AC
(ESAC), generates the py-map by segmenting the PET
image reconstructed without AC (NoAC PET) and filling the
segmented mask with appropriate attenuation correction
values [2]. However, accurate segmentation of PET
images is challenging, resulting in insufficient p-map
accuracy.

Therefore, in this study, we developed a method to
generate high-precision p-maps by using a generic
template p-map and performing

non-rigid image

registration with NoAC PET images.

Method

Two types of y-maps were generated from NoAC PET
(Figure 1). The first was generated using the conventional
ESAC method, in which the head region was extracted from
the NoAC PET using threshold processing, and the region
within a certain range from the head boundary was divided
using morphological operations as the bone region. Finally,
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M-maps were created by filling each region with the ideal
AC value.

The second method was the proposed non-rigid
registration method (NRAC), which generated y maps by
performing non-rigid registration of the template CT image
onto the NoAC PET image. The template image used was
a CT image included in the BigBrain dataset, which is

provided for simulation purposes, etc.

To verify the accuracy of the proposed method, we
conducted an accuracy verification experiment using data
from 9 subjects in a clinical study (jRCTs032210086)
conducted by VRAIN. Four types of reconstructed images
were generated in the experiment: CTAC PET, which used
the subject's own CT images as a reference and performed
AC; NoAC PET, which was a reconstructed image without
AC; and ESAC PET and NRAC PET, which used py-maps
generated by the ESAC method and the proposed NRAC
method, respectively. The average similarity to CTAC PET
was derived for each of the five major anatomical regions
of interest (ROIs) in the brain created from the PET images
using PMOD software. The three metrics used were mean
absolute error (MAE), peak signal-to-noise ratio (PSNR),
and structural similarity index (SSIM).

— ESAC —

»

Al - _ Reference _
CTAC
NoAC PET Extract head region Extract bone region | )
— NRAC —
il
- ]
Template CT Non rigid registration \ )

Proposed

Figure 1 The y-map creation process.
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(c) ESAC PET

(f) Error (ESAC PET - CTAC PET)

(d) NRAC PET

(g) Error (NRAC PET - CTAC PET)

Figure 2 Upper row, reconstructed images: (a) CTAC PET; (b) NoAC PET; (c) ESAC PET; and (d) proposed NRAC PET.

Lower row: (e) error image between NoAC and CTAC PET; (f) error image between ESAC and CTAC PET;

and (g) error image between NRAC and CTAC PET.

Table 1 Comparison of the accuracy of y-map generation methods.

Region W type MAE PSNR SSiM

NoAC 0.352+0.063 15.810£0.949 0.911+0.015

Frontal cortex ESAC 0.103+0.092 27.899+6.327 0.978+0.023
NRAC 0.031+0.008* 36.208%1.792 0.99740.001*

NoAC 0.120£0.024 23.328+1.775 0.951£0.010

Medial temporal cortex | ESAC 0.050£0.041 30.065+4.600 0.987+0.010
NRAC 0.023+0.006* 37.052+2.425* 0.997+0.001*

NoAC 0.3640.061 16.526+1.186 0.847+0.013

Parietal cortex ESAC 0.077+0.080 32.138+6.444 0.990+0.013
NRAC 0.033%0.011 36.9812.089 0.997+0.002

NoAC 0.204+0.022 21.544+1.020 0.934:0.010

Occipital cortex ESAC 0.071+0.058 32.392+5.386 0.991+0.011
NRAC 0.050%0.017 35.062+2.820 0.998+0.001*

NoAC 0.196+0.049 20.037+1.782 0.953+0.011

Thalamus ESAC 0.053+0.064 35.599+8.070 0.996+0.006
NRAC 0.03210.013 36.672+4.224 0.999:0.001
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Results

Figure 2 shows an example of the reconstructed image and
the error image, which shows the difference from the
reference CTAC PET. From the image, we confirmed that
the proposed NRAC has a clearly smaller difference from
CTAC than NoAC and ESAC. This is also clear from the
image similarity shown in Table 1. In all areas and for all
indicators, the NRAC method showed a higher similarity
than other methods, suggesting that it is possible to
perform high-precision AC.

Conclusion

We have developed a high-precision AC method for the
VRAIN brain-dedicated PET scanner. We have shown that
the proposed method makes it possible to generate high-
precision p-maps from PET images without the need for
additional CT imaging.
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Introduction

The time it takes for a positron to annihilate with an electron
(the positron lifetime) varies depending on the surrounding
electron density. If this property variation can be effectively
utilized, it may be possible to extract new biochemical
information about the body by using the positron lifetime [1, 2].
Therefore, we are aiming at the realization of quantum PET (Q-
PET), which provides diagnosis by the positron lifetime, unlike
conventional PET, which diagnoses by the distribution of
radioactivity (positrons). We have previously reported the proof
of concept using two-dimensional positron lifetime imaging [3]
and discussed the possibility of application to identifying
treatment-resistant hypoxic cancer [4, 5]. This year, we report
on the possibility of application to the quantification of (free)
radicals in the body by using the positron lifetime.

Free radicals are generated by various metabolic activities in
the body and they are also involved in reactions essential for
maintaining life. On the other hand, free radicals such as
hydroxyl radicals and superoxide are highly reactive species
called “reactive oxygen species (ROS)” that react (oxidize) with
various tissues in the body, and it is known that they cause
aging and diseases (Figure 1 (a)) [6]. However, there is
currently no method to directly quantify the free radicals
generated in the living body in vivo. Most free radicals have
one or more unpaired electrons; these unpaired electrons
affect the electron density in the surrounding area and this is
presumed to change the positron lifetime (Figure 1 (b)) [7].
Therefore, we investigated the accuracy of measuring free
radicals in aqueous solution by using the positron lifetime and
we discussed the results [8].

Materials and methods

TEMPOL (4-hydroxy-2,2,6,6-tetramethylpiperidine-1-oxyl) is a
stable free radical with one unpaired electron. TEMPOL was
dissolved in pure water to prepare several TEMPOL aqueous
solutions with concentrations ranging from 0 (pure water) to
400 mM. A thin-film ?2Na source (0.43 MBq) was contacted with
each of these solutions (Figure 2 (a)). The brain-dedicated PET
scanner VRAIN was used as the measurement system (Figure



PET

A PET % VRAIN ZRIE XA FLE L TERLZ
(Figure 2 (b))[9], VRAIN (£ 54 & D& H 28 % HBRK
ICBEE L TUW 5, HIRHERIE, 12X12 D LFS > > F
L—&27 L4 (4x4x10mm?) & SiPM (4 x4 mm?)
N1 1 THEINTWS, FES#EEEIL 229 ps
(FWHM)T# %,

ZNa JARTFNZ — % RRICEE L. ER)ISRE L
Tz BB T —2H 5, 1275 keV H'> v iRigH %
Z&Z— bk, 511 keV IHEBHFIEHEER b v TE L,
THREBLERITE1T>7:, BBEFEMDRITIC
PALSfit3 Z{EB L7z, 12 BRIDAIET — & T 4 ~

v R 1.65X102 AT FTHoT, DT —X
% 6 B9 (082><108jjr7/ b) & 3BRES (0.41
X108h T b) LRADIE, FREOBENEE
LEES L 72, SRR O IET A bc‘:*ﬁ'JEHﬁEJ’&%*‘f%Té -
BROZEZZITL Y H 2 HLL EIZFEICERN 2%
HBToOEBRTHDIEEZOND,

(a)

[ Lipid | [ DNA ]

l

[Damage/mis-
replication]

| Protein [ | Enzyme|

[Peroxidation] [Inactivation] [Denaturation]

[Damage to cell membranes and riboproteins]

|

Arteriosclerosis
(myocardial infarction, cerebral accident)

Aging ]

2024 Report on PET Imaging Physics Research

2 (b)) [9]. VRAIN has 54 detectors arranged in a hemisphere
shape. Each detector consists of a 12x12 LFS scintillator array
(4x4x10 mm?®) and a SiPM (4x4 mm?) optically coupled in a 1
to 1 manner. The time resolution is 229 ps (FWHM).

The %Na solution holder was placed in the center and
measured separately. From the coincidence data, detection
time difference analysis was performed, in which the 1275 keV
gamma ray detection was treated as the start and the 511 keV
annihilation photon detection, as the stop. PALS(it3 was used
to analyze the positron lifetime. The number of events was 165
million counts in the 12-hour measurement data. These data
were reduced to 6 hours (82 million counts) and 3 hours (41
million counts), and the change in accuracy of the lifetime
value was compared. Considering the radioactivity of the
source and the measurement time, this experiment was
considered to be statistically more advantageous than actual
nuclear medicine diagnosis by more than two orders of
magnitude.

Annihilation

e

(b)
@

Time

Positron Llfetlme:
I Long
Lifetime:
Short

Free radical

Unpaired
electron

e_

Figure 1 A simple illustration explaining the effects of reactive oxygen species on biological tissues (a);
and a conceptual diagram of shortening of positron lifetime due to reaction of a positron with free radicals (b).

(a)

TEMPOL Ka pto n
+ water l
T

2Na (3*+1275keV gamma) b

Aluminum plate

Figure 2 Schematic side view of the radioactive source and the aqueous TEMPOL solution holder (a);
and a photo of the brain-dedicated PET scanner VRAIN into which the solution holder was placed (b)
“Copyright (2024) The Japan Society of Applied Physics”.
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Figure 3 Correlations of the radical concentration in water and the positron lifetime. The radical concentration ranges are:
(a) 0 to 450 mM; (b) -0.5 to 4.5 mM. In (b), the results at each concentration are divided into three parts
according to the number of events used in the analysis. Those plotted points are slightly shifted to avoid graphical overlaps.
“Copyright (2024) The Japan Society of Applied Physics”.

mREER

Figure 3 IC7 VP HILBE L BETHMOMEREER
T R&ITT77I.BERDIVHIVEEDSHEBEARLT
W3, 70y boBREREIZ, t1o0 (1Z2ERZE
PALSfit3 H7fE) & L TRRS N7z, Figure3 (a)T
Y LDIT, HADIERE Abbe L DHERIZFERKRD
@A %~ L7z[10], Figure3 (b)icHW\WTlx, Hho >~
PN T B ICONTREREENNS T,
1.65x108 W7 v b TlE. BHRA > FDOBREEITER
LI oT, 2FEY, A DDBESIZHE1IoET
DEEINTWBEER D,

—H T, EEOEBEEEICEVWTHEETEZ VY —
FZVHLORBIMEEIIRATHH 10uM THB L
ENn3[1l], ZOREIZ. AR CHBEFHFD AL
TEETELIVALEE (MM F#—4—) £V
2HTA B W, ¥ 7o SRR TERSINZ7 ) —F Y
AllEnsh B us A —X—OEETEBRT 2501
ZW=o[12] EtEZ BT I L ICRAY»H S,
NoDOEEL L BEOEMTIX. BEFHEDICL-
THEGRRNTERINDI SV HILEEEEET S L
IFIRENTIEIARWEZEZ 5T,

A, EERNTRETZ TP HILTIELG L EER
IS5 LE-ERED T P HILER A BEFEDTA
X=UV T (EE) Th2&F.ZNIFEHL AW

43

Results and discussion

Figure 3 shows the correlations between radical concentration
and positron lifetime. Each graph shows a range of different
radical concentrations. The error bars of each plot are
displayed as 10 (1 standard deviation: PALSfit3 output value).
As shown in Figure 3 (a), our results and those of Abbe et al.
[10] showed similar trends. In Figure 3 (b), the error bars
became smaller as the number of counts increased. At 165
million counts, the error bars of each point no longer
overlapped. In other words, we were able to separate the four
measurement points by approximately +10.

On the other hand, Thomas et al. [11] considered that the local
concentration of free radicals generated in the physiological
functions of living organisms was at most about 10 uM. This
concentration is more than two orders of magnitude lower than
the radical concentration that could be quantified by positron
lifetime in this study (mM order). In addition, free radicals
generated in living organisms mostly disappear within a time
period of ns to us [12], so there is a limitation to satisfying the
statistical quantity. Based on these facts, we considered that it
is not realistic to directly quantify radicals generated in living
organisms using positron lifetime with current technology.

On the other hand, it may not be so difficult to do positron
lifetime imaging (quantifying) of high-concentration radical
drugs administered in vivo, rather than radicals generated in
vivo. In studies investigating the reactions of radicals with
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biological tissues by MRl imaging [13, 14], high concentrations
of radical drugs have been administered to small animals.

Conclusion

To investigate the feasibility of in vivo radical imaging by the Q-
PET concept, we carried out a positron lifetime measurement
experiment using a clinical PET system (VRAIN). Although we
could quantify radical concentration differences in aqueous
solutions on the order of several mM, we found that direct
quantification of radicals generated in vivo by positron lifetime
is not realistic with current technology.
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Introduction

Brain PET imaging is useful for the elucidation of the
pathophysiology of neurodegenerative diseases such as
Alzheimer’s disease. Researchers at QST have developed
VRAIN, the world’s first hemispherical brain PET. VRAIN has
2.2 mm spatial resolution (visibility of rods) [1]; however, higher
spatial resolution is needed to detect the signs of diseases
earlier. In this study, fine scintillator pitch detectors with depth-
of-interaction (DOI) measurement capability are used to
provide high spatial resolution in the entire field-of-view (FOV).
QST has developed a crosshair light-sharing (CLS) detector
having a scintillator pitch of 1.6 mm which was smaller than the
4.2 mm pitch of VRAIN. The CLS detector can measure both
time-of-flight (TOF) and DOI based on our original reflector

arrangement [2].

We showed the feasibility of achieving 1 mm spatial resolution
through simulations of a hemispherical brain PET with CLS
detectors last year. In this study, we developed a one-ring

benchtop prototype to demonstrate the simulation result.

Methods

Each CLS detector was composed of a detector block using
fast-LGSO scintillator crystals (OXIDE Corp.) and silicon
photomultipliers (SiPMs) (Hamamatsu Photonics K.K.). The
scintillator crystals of 1.45 X 1.45x15 mm? (1.6 mm pitch) were
arranged in a 14x14 array, and the SiPMs of 3.0x3.0 mm? were
arranged in an 8x8 array. One-sided saw-cut surface
scintillator crystals were used with enhanced specular
reflectors (ESRs). A one-ring benchtop prototype was
developed using 36 CLS detectors. Figure 1 shows photos of
the benchtop prototype and the CLS detector module. The ring
diameter was 30 cm, and the axial FOV was 2.6 cm. The
PETsys TOFPET2 ASIC [3] (PETsys Electronics) was used for
data acquisition. For normalization, 42.7 MBq of '8F was filled

in the lower ring part of a dome phantom, and measurement
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duration was 12 h.

Normalization data were used to measure the energy
resolution. For coincidence timing resolution (CTR) evaluation,
a 0.55 MBq %Na point source was placed at the center of the
FOV and measured for 1 h. Energy resolution and CTR were
calculated from the full width at half maximum of each peak
using Gaussian fitting. For spatial resolution evaluation, a 0.44
MBq ?2Na ultra-micro hot phantom (rod diameters: 0.75, 1.0,
1.35, 1.75, 2.0, 2.4 mm) was placed at the center of the FOV
and a 10 cm offset position. Measurement duration was 5 h for
each phantom position. An '®F-filled Hoffman 3D brain
phantom (only four acrylic plates) was used for the imaging
demonstration. The measurement duration for this phantom
was 10 h and the radioactivity was 54.3 MBq (Figure 3 (a)).
The (OSEM)

method was used for image reconstruction. Normalization and

ordered-subset  expectation-maximization
random correction were applied for the image reconstruction
of the ultra-micro hot phantom. CT-based attenuation
correction and scatter correction were additionally applied to
the Hoffman phantom image reconstruction.

(b)

Photos of a one-ring benchtop prototype (a) and a CLS detector module (b).

Results and discussion

The energy resolution was 11.6% at 511 keV. The CTR was
297.2 ps, which is reasonable performance because the CTR
was 296 ps [4] when a pair of CLS detectors with the same
reflectors and surface conditions as in this study were placed
opposite each other. Figure 2 shows the reconstructed PET
image of the ultra-micro hot phantom. We also reconstructed
PET images without using DOI information. The 1 mm rods
were visualized as well as in the previous simulation study.

When comparing PET images with and without DOI
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information, the DOI information clearly improved the spatial

resolution especially at the peripheral region.

Figures 3 (b) and (c) show the reconstructed images of the

Hoffman phantom. In the coronal image, 0.8-mm-thick

radioactivity distribution was visualized.

FOV Center 10 cm offset
2.4 mm
L o =
20 o ~‘-p.75 - -
wioDOI ® & - 5
“.» ".'.0 - -
17 % &% W10 N
-—ar -
1.35
L a &
e 9 - »
e D e -
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L) L ) — -
@ - -e - - :.
LR ) - »
LE X J - -

Figure 2 PET images of the ultra-micro hot phantom without DOI (upper) and with DOI (lower).

Figure 3 Photo taken during measurement of the Hoffman phantom (a), PET image in the axial direction (b)
and PET image in the coronal direction (c).
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Introduction

Time-of-flight (TOF) [1, 2] is an important factor that directly
affects the image quality of PET scanners, and various
attempts have been made to improve the coincidence
resolving time (CRT) of PET detectors. For independent
readout detectors, the timing is acquired for each silicon
photomultiplier (SiPM) [3, 4], so they are less sensitive to
diffused scintillation light, resulting in a better CRT. Further
improvement can be expected if the light can be focused on a
single SiPM. However, existing SiPM arrays have a thin
protective cover on the SiPM and the gap between the SiPMs
is filled with this protective cover, and the light must diffuse
through it. In this work, we investigated optical crosstalk in the

protective cover to improve the CRT [5].

MPPC array

The SiPM array was an 8 x 8 multi pixel photon counter
(MPPC) array (S14161-3050AS-08). The active area of each
MPPC was 3 x 3 mm? and the pitch was 3.2 mm. As shown on
the left in Figure 1, the MPPC array surface was originally
covered with a 0.15 mm thick layer of silicone resin. Therefore,
the silicone resin cover served as the connection layer
between the crystal array and the MPPC array, and there was
a possibility of scintillation light diffusion. Scintillation light
diffusion caused by the silicone resin cover deteriorates the
CRT in TOF detectors. To reduce the diffusion in the cover,
grid-shaped slits were formed along the inactive area of the
MPPC array as shown on the right in Figure 1. The slit width
was approximately 80 ym, and four types of MPPC arrays with
slit depths of 50, 100, 150, and 350 ym were produced. By
filling the grid-shaped slits with BaSO4 powder, which is an
optical reflective material, we expected to reduce the diffusion
of scintillation light in the silicone resin cover.
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Figure 2 shows the developed TOF detector. Fast LGSO
scintillator crystals (3.1x 3.1 x 20 mm?®) (Oxide Corp., Japan)
[6] were used; they were chemically etched on all sides.
Lumirror (Toray Industries Inc., Japan) was used as the inter-
crystal reflector. The same fast LGSO array was optically
connected to an MPPC array with different depth reflective
gratings to measure the CRT. For comparison, a pair of TOF
detectors using MPPC arrays with the original silicone resin
cover [7] was also prepared. The DAQ system was realized by
using the TOFPET2 ASIC evaluation kit (PETsys Electronics
S.A,, Portugal) [8].

Results

Figure 3 shows the timing histograms, CRTs, and MPPC hits,
which are the total count rates of events acquired at individual
MPPCs, for different depths of the reflective grid. As the depth
of the reflective grid increased, the CRT was improved as it
became shorter. The CRT before improvement was 235 ps,
and using the cover having the 350 um deep slits filled with
reflective material lowered the CRT to 211 ps. The MPPC hits
decreased by 8% for the 150 ym depth and by 21% for the 350

um depth compared to the value for the original cover.




PET 2024 Report on PET Imaging Physics Research

TOF detector MPPC array
fast}_GSO 3.1 mm Original With BaSQO, grid
IS
€
o
AN
\g 1 1 ! ! | - I !
«> T~
3 mm Reflector MPPC Silicone resin cover MPPC
&N /015 mm | \
T ] |
0.2 mm / \
0.35 mm i % ' ﬂ
\
BaSO, grid
Figure 2 lllustrations and photographs of the TOF detector.
(a) Timing histogram (b) CRT
240
— 1 L
0 § 230 A
m = .
H 2 235.5 ps 82204 o«
=
8§0% 5210 - * .
50 um 220.2 ps 200 1
190 T T T
0 100 200 300 400
Slit depth (um)
100 pm 218.0 ps (c) MPPC hits
500
m
8450
150 um 212.5 ps 2 . * e
[2]
= 400
o [ ]
& 350 -
=
211.0 ps
350 ym p 300 ' . .
0 100 200 300 400
400 -200 0 200 400 Slit depth (um)

TOF (ps)

Figure 3 (a) Timing histograms, (b) CRTs and (c) MPPC hits for different depths of the reflective grid.

51



PET 2024 Report on PET Imaging Physics Research

E R )] Conclusion

AFETIE. > FL—> 3 VDILEs g+ In this work investigating optical crosstalk in the protective
27912, MPPC 7L A D1 a—BfEH /N — o cover on an MPPC array, we developed the TOF detector with
oy S) N — /18 hE —c

8 S . 1 o the MPPC array having a reflective grid cover to suppress the
BT 2 AAA TS TOF RINEZFIFE L oo 17 diffusion of scintillation light. The proposed method promises

ZE L7k TOF AR D CRT 29 10%cKE T to improve the CRT of the TOF detector by about 10%.
=5,

Acknowledgements
Collaborators Hamamatsu Photonics K.K
Fujino Obata, Taiga Yamaya (QST)

Grants JSPS KAKENHI 23K11913 and 20H05667

References

[1]  Surti S and Karp J S 2020 Update on latest advances in time-of-flight PET Phys. Medica 80 251-8

[2] Schaart D R 2021 Physics and technology of time-of-flight PET detectors Phys. Med. Biol. 66 09TRO1

[3] Jiang W, Chalich Y and Deen M J 2019 Sensors for Positron Emission Tomography Applications Sensors 19 5019

[4] Gundacker S and Heering A 2020 The silicon photomultiplier: fundamentals and applications of a modern solid-state photon
detector Phys. Med. Biol. 65 17TR01

[5] Yoshida E, Obata F and Yamaya T 2024 Optical crosstalk of protective cover on MPPC array for TOF PET detector Phys.
Med. Biol. 69 125012

[6] CatesJ W and Levin C S 2016 Advances in coincidence time resolution for PET Phys. Med. Biol. 61 2255-64

[71 Yoshida E, Obata F and Yamaya T 2023 Simultaneous time-skew and time-walk correction for TOF-PET detector Nucl. Instrum.
Methods Phys. Res. Sect. A: Acce.l, Spectrometers, Detect. Assoc. Equip. 1049 168114

[8] Nadig V, Schug D, Weissler B and Schulz V 2021 Evaluation of the PETsys TOFPET2 ASIC in multi-channel coincidence
experiments EJNMMI Phys. 8 30

52



PET

U & fast-LGSO & =&

with high-frequency SiPM readout

B ERE EH/E/TFE

[B]#& % AL 7= TOF-DOI iR 55
U-shaped fast-LGSO crystals for TOF-DOI PET detectors

F (LAMIRE B+ 2 F4%)

2024 Report on PET Imaging Physics Research

Miho Kiyokawa, Trainee / Chiba University (Yamaya-lab, M2)

EL&IC

2EBPET ICHANTREWRER Y > 7 A HE
35 PET EE TlE. BROEAD RO HREH
CYNGERS %ﬂiﬁﬁﬁ(%ﬁ%@@aﬂﬁﬁf;%%ft SETLE
5, INEMERT S depth-of-interaction (DOI) #&

HER 3 HRBEHROBEFRRS DIBEHREBE L
DR REZMILS ., BEFLLOZE F'ﬁ/\ﬁﬁﬁ‘é

#ELEEDZENTED, 2D DOl EH% time-
of-flight (TOF) PET ICfEAGEHE S Z &I, BEEM
IZBZhTH D,

DOl »fEeEH L U8 TOF [RIEE +"‘5IH%F'?’ ﬁ
(coincidence timing resolution : CTR) &, ¥ > F
L —%&, SiPM, 574 & Dilss @%%&m N
x (kT B, 110, fast-LGSO (Ce : Lu,Gd,,SiO.)
% LYSO (LugsY1Sigs: Ce) ¥ > FL—%iE. 70D
BUORERRBESWRLEN . TOF-DOIPET % H

CELTWB[, TE E/UYy s UFRRY Y
FlL—RZAWEERHEN, RIAMMICBITF2EL
HAGIEIN R L — B fEee = ARFIERTE S & B
FahTW3b[2], AR T, fast-LGSO ¥ > F L

Lk
Be

—

—REAWT, ILWERERST—/RX—Fby

UFBAHL, ko757 v by 7 UFRRIEL
9B & T, BEEA TOF-DOI PET #&HSRICH TS
% CTR & DOl ©fgeenm & B L 7=,

Bk

T/ Uy UZFBO fast-LGSO v > FL —%
(Ex 15.0 mm) ZBWT, 3BEOER: 75 v
PUFEAFESHER) . 7—/—FUFEB (@
I 45° ERIN B B DML EEB) B LU T —/8—
FUZFEC (T%éﬁﬁﬁﬁ*%@%%o%@%ﬂimi%ﬁ) %
BEL7- (Figure 1) , BfE&EICIE. FRICHE 0.20
mm @ 12.0 mm @EB/\E’\J&X Y b & EEB3.0 mm
DiEREEEFEZF D, BREAOXRY Yy MIlF 2 B

53

Introduction

Positron emission tomography (PET) scanners with smaller
detector rings, such as brain-dedicated PET, can experience
degradation of the detection accuracy due to parallax errors
caused by gamma rays entering a detector at oblique angles.
To address this issue, depth-of-interaction (DOI) detectors can
acquire depth information, enabling both high resolution and
sensitivity while improving spatial resolution, especially in the
peripheral field of view. Combining DOI information with time-
of-flight (TOF) PET further enhances image quality by
providing more accurate positioning of the annihilation events.

The DOI resolution and coincidence timing resolution (CTR)
depend heavily on key detector components such as
scintillators, silicon photomultipliers (SiPMs), and reflective
Fast-LGSO (Ce:LuxGd,,SiOs) LYSO
(LuosY1.4Sios:Ce) scintillator crystals, with their short decay

materials. and
times and high light output, are particularly well-suited for TOF-
DOI PET detectors [1].
scintillator design has shown promise in achieving high light

Recently, a monolithic U-shaped

collection efficiency and uniform DOI resolution as well as high
CTR simultaneously [2]. In this study, we designed a new
tapered monolithic U-shaped fast-LGSO scintillator and
compared it to a conventional flat-top U-shaped design, with
the aim to enhance both the CTR and the DOI resolution for
brain-dedicated TOF-DOI PET detectors.

Methods

The monolithic U-shaped fast-LGSO crystal design (with a 15
mm length) was developed to include three configurations: flat
top U-shape A (flat top), tapered top U-shape B (45° tapered

top),
mechanically polished surfaces) (Figure 1). Each crystal had a

and tapered top U-shape C (tapered top with

0.2 mm central gap extending 12 mm to form the U-shape
geometry, while the remaining 3 mm of material connected the
two crystal segments. Two layers of Lumirror film were inserted
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Figure 1
U-shaped monolithic fast-LGSO crystal with flat top (U-shape A) (a), tapered U-shaped fast-LGSO crystal (U-shape B) (b),
and tapered U-shaped fast-LGSO crystal with mechanically polished top surfaces (U-shape C) (c). The dimension unit is mm.

(b) U-shape B
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into the gap for optical isolation. The lateral and top crystal
surfaces were tightly wrapped by enhanced specular reflector
(ESR) film. The lateral and top surfaces of U-shape A and U-
shape B were as-cut, while U-shape C featured mechanically
polished top surfaces. The bottom surfaces, which were
coupled to the SiPMs, were mechanically polished in all
designs to enhance light collection efficiency (Table 1). Each
of these U-shaped fast-LGSO crystals was coupled with a 2x1
array of SiPMs (Hamamatsu, S14160-3050HS, Vgr=38.5 V)
using optical grease to form a test detector. The SiPMs were
operated at an optimized voltage of 43.0 V (over-voltage=4.5
V). A custom high-frequency readout circuit was used for
signal processing and data acquisition. A reference detector
consisted of a mechanically polished LYSO crystal
(3.0x3.0x5.0 mm?®) and a single-channel SiPM. A ?’Na source
(0.933 MBq) was positioned between a pair of detectors, with
the test detector aligned either face-to-face or side-by-side with
the
measurements, respectively (Figure 2). For DOI irradiation, a

reference detector for front and side irradiation
slit irradiation setup of a lead block with a 1 mm slit was used
to produce collimated annihilation photons. Data were
acquired at seven depth points (2.5 mm, 5.0 mm, 7.5 mm, 10.0
mm, 12.5 mm, 13.5 mm, and 14.5 mm) by moving the test
detector along the depth direction using a 1D motorized stage.
Each measurement recorded 90,000 coincidence events at a
room temperature of 23 °C and was repeated five times under

the same conditions.

The data were acquired in list-mode format and an energy
window of £20% (409 to 613 keV) was used. For calculating
the CTR, the mean of the timestamps from the two SiPMs in
the test detector was subtracted from the timestamp of the
reference detector, and a timing histogram was generated. A
Gaussian fitting was applied to the timing histogram and full
width at half maximum (FWHM) was used to extract the CTR
[3]. The DOI resolution was calculated from the FWHM of the
DOl ratio (signal ratio of the two SiPMs).

(c) U-shape C

Mechanically polished

Mechanically
polished

Mechanically
polished

Detector design with three differently shaped fast-LGSO crystals:



PET

2024 Report on PET Imaging Physics Research

Table 1 Surface roughness and sigma alpha values of the fast-LGSO crystals. Each surface roughness was measured
using a portable surface roughness tester (Mitutoyo, SJ210, Japan) with a scan resolution of 1 um [4].

U-shape design Top geometry Top surface finish Surface roughness (Ra) [um] Sigma alpha (0,) [?]
A Flat top As-cut 0.960+0.01 12.6+0.3
B 45° tapered top As-cut 0.930+0.01 12.2+0.1
C 45° tapered top Mechanically polished 0.015+0.01 0.5+0.1
(a) Front irradiation (b) DOI irradiation
/ Test detector Ref. Detector \"E, Dark box Test detector
SiPM array U-shape LYSO SiPM
Readout board | fast-LGSO Rasdoit board Crystaldepth  U-shape crystal S0 min
> 145 mm i
13.5mm ..., v
B \ 12.5mm 7 f Lead block Reference detector
Ea Ey 10 mm \‘
V|V i =] - 75mm slit width LYSO  sipm
Cable delay m V 5.0 mm : =1 Tm ZNa — =
L ey zsmm bt B T
Si l l }i .
PM (B PM (A
{ 4 Desktop PC ( ) ( ) et Botk T
- Thresh. -=- e Ref
oo oo o o B EBI__FE]
Ch0 Chl Ch2 GATE Cho Chl Ch2 STR TRG-IN Busy-out LAN A
ADC TDC CAMAC CC/NET Ethernet cable
\ Ts
Meantime method DOl infor
Time dif ference = TatTs = Tres DOI ratio = H

T
Meantime of SiPM (A) and (B)
to minimize time-walk effect

Figure 2 Block diagram for the coincidence data acquisition with the front irradiation configuration (a) and slit irradiation
configuration for DOI resolution evaluation (b).
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Results

For the CTR with the front irradiation configuration, U-shape C
offered the best performance of 20113 ps, representing a 9.5%
improvement over U-shape A (220+3 ps) and a 5.8%
improvement over U-shape B (2131 ps) (Figure 3a).

The DOI resolutions of 3.2+0.9 mm, 3.0+0.7 mm, and 3.1£0.6
mm were achieved for U-shape A, U-shape B, and U-shape C,
respectively (Figure 3b). U-shape B showed the least variation
across the range of depths.
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Figure 3 CTR with the front irradiation configuration (a), and DOI resolution as a function of source position (b).
The error bars indicate the standard deviations of five repeated measurements.

The average DOI resolution for all source positions is given with its standard deviation for each crystal design.
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Discussion

U-shape C achieved relatively superior CTR and DOI. The
polished upper surfaces potentially promote specular reflection
and improve light transport between the two neighboring
crystals toward the SiPMs. In our next study, considering the
evaluation of energy resolution, we will focus on optimizing
surface treatments and reflective materials for the tapered U-
shape design and applying these improvements to crystal

arrays.
Conclusion

The U-shape C, with its tapered top and polished surfaces,
achieved a well-balanced performance, with a CTR of 201+3
ps and a DOI resolution of 3.1£0.6 mm. These results
demonstrate that improvements in optical transport efficiency
significantly contribute to enhancing both CTR and DOI
resolution.
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Introduction

Positron emission tomography (PET) is a molecular imaging
technique that can provide functional information of living
objects non-invasively. For neuroscience research, small
animal PET has been widely used to unravel neurological
mechanisms of various neurodegenerative diseases. One of
the important parameters for mouse brain imaging is spatial
resolution [1]. However, the best spatial resolution for a small
animal PET scanner is 0.55 mm, which is still not sufficient for
mouse brain imaging [2]. In this report, we present the Monte
Carlo simulation results of the sub-0.5 mm resolution PET
scanner.

Methods

The proposed PET scanner has a 48 mm inner diameter and
23.4 mm axial field-of-view (FOV) (Figure 1). The PET scanner
has 2 rings, each of which consists of 16 DOI detectors. Each
DOI detector consists of a staggered 3-layer LYSO crystal
array, lightguide, and silicon photomultiplier (SiPM) array. The
LYSO crystal pitch is 0.8 mm and a 0.1 mm thick layer of
BaSO, powder is used as reflector materials. The 15t (13x12),
2" (13x13), and 3" (14x14) layers are stacked with staggered
configuration to encode DOI information [3].

We conducted GATE simulations to optimize the crystal layer
designs in terms of spatial resolution [4]. Three different crystal
layer designs were used: (A) 4+4+7 mm, (B) 3+4+4 mm, and
(C) 3+3+5 mm (Figure 2). The inner diameter of the PET ring
was determined to minimize the detector gaps while avoiding
mechanical overlaps between the detectors (Table 1).

The sensitivity of the PET scanners was evaluated with a point
source placed at the center of the FOV. To evaluate the spatial
resolution, four NEMA 22Na sources (diameter = 0.25 mm) with
spacing of 5 mm in the radial direction were used. An energy
window of 440-560 keV was used for sensitivity and spatial
resolution evaluation.

Using the optimized crystal layer design, we scanned a
resolution phantom having six different rod diameters (0.45,
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0.5, 0.55, 0.75, 0.8, and 0.85 mm) filled with '8F (0.95 MBq) for
600 s.

The GATE ROOT output files (i.e. list-mode coincidence data)
were imported and reconstructed by using filtered back
projection (FBP) and ordered subset expectation maximization
(OSEM) algorithms. Eight subsets and ten iterations were used
for the OSEM algorithm. A voxel size of 0.2x0.2x0.2 mm? was
used. No attenuation nor scatter corrections were applied. For
the resolution phantom, 50 iterations were used to resolve the
sub-0.5 mm rod structures.

(b) Staggered 3-layer DOI detector

SiPM (5 x 5)
Lightguide

7

z
-
Z

Z

i

Figure 1 A 3D view of the mouse brain PET scanner (a) and staggered 3-layer DOI detector (b).

(A) 4+4+7 mm

2Na source

(B) 3+4+4 mm

2Na source

(C) 3+3+5 mm

22Na source

Figure 2 Mouse brain PET geometries with three different designs of (A) 4+4+7mm, (B) 3+4+4 mm, and (C) 3+3+5 mm.

Table 1 Three different crystal layer designs.

Parameter Design (A) Design (B) Design (C)
Crystal layer [mm] 4+4+7 3+3+4 3+3+5
Crystal thickness [mm] 15 11 11

Crystal pitch [mm] 0.8 0.8 0.8
PET inner diameter [mm] 52.5 48 48
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Results and discussion

The reconstructed PET images of the four NEMA ??Na sources
with different crystal layer designs were obtained (Figure 3).
The full width at half maximums of the line profiles were also
obtained to provide the radial resolution. Design (C) (3+3+5
mm) showed better radial resolutions than the other two
designs (Figure 4). The highest sensitivity was obtained with
design (A) (4+4+7 mm) (Table 2).

The PET images of the resolution phantom obtained with the
optimal crystal layer design (C) are reproduced in Figure 5 (a).
The valley-to-peak ratios (VPRs) were calculated from the line
profiles of the 0.45 mm rod diameter structure for quantitative
evaluation of imaging resolution and their histogram is shown
in Figure 5 (b). The 0.45 mm rod structure was resolved with
the VPR of 0.57310.062. All the 16-line profiles were below the
Rayleigh criterion, suggesting 100% resolvability was realized.

(b) NEMA 22Na sources images (OSEM)
5

e e
g
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Figure 3 The reconstructed PET images for different crystal layer designs obtained with FBP (a) and OSEM (b) algorithms.

The line profiles are shown underneath the images.

(a) Radial resolution with FBP (b) Radial resolution with OSEM

Radial FWHM [mm]
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Figure 4 Radial resolution for different crystal layer designs obtained with FBP (a) and OSEM (b) algorithms.
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Table 2 Radial resolution and sensitivity with three different crystal layer designs.

Design Radial offset [mm] Sensitivity [%]
(Crystal layer) 0 5 10 15
(A) (4+4+7 mm) 0.44 (0.67) 0.49 (0.95) 0.71 (0.97) 1.20 (1.23) 2.63
(B) (3+4+4 mm) 0.43 (0.64) 0.46 (0.76) 0.66 (0.84) 0.97 (1.02) 2.36
(C) (3+3+5 mm) 0.47 (0.71) 0.46 (0.72) 0.65 (0.79) 0.95 (1.01) 241

(a) Reconstructed PET images

(b) VPR histogram
VPR = 0.573 £ 0.062

16 €@:3® 0
Resolvability :
=100%

02 04 06 08 1.0

Valley-to-peak ratio

Figure 5 The reconstructed resolution phantom images obtained with design (C)

(a) and the valley-to-peak ratio of the 0.45 mm rod structure (b). The Rayleigh criterion is marked by the vertical red dotted line.
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The numbers of line profiles below and over the Rayleigh criterion are shown alongside the blue and red arrows.

Conclusion

The crystal layer design of the mouse brain PET was optimized
with  GATE simulations. Using the optimized crystal layer
design, we achieved sub-0.5 mm resolution in the resolution
phantom imaging. In the future, we plan to develop a prototype
mouse brain PET with an optimized PET design.
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Introduction

The multimodal imaging of PET and MRI has shown improved
diagnostic accuracy for such diseases as cancer and dementia
compared to a single imaging module [1]. Although commercial
clinical PET/MRI systems are available, an organ-specific (OS)
PET [2-4] for an existing MRI system (Figure 1) is an alternate
low-cost solution that can also provide high-sensitivity and
high-resolution PET images. For more than a decade, OS PET
devices (e.g., add-on brain PET, breast PET insert, and RF
penetrable PET) have been widely designed, mostly for 3 Tesla
(3T) MRI systems. However, the MR image sensitivity and
contrast increase almost linearly with the increased magnetic
field strength [5]; and, for a 7T ultra-high field (UHF) MRI
system they almost double compared to those for a 3T MRI
system. In this project, we are working on the development of
a brain OS PET for a whole-body 7T MRI system (Siemens
MAGNETOM 7T, Erlangen, Germany). Here, we describe a
performance study for a 4-channel microstrip radiofrequency
(RF) coil that was customized [6] to be mounted with PET
detectors and front-end electronics. An MRI study was
performed with a phantom for the gradient echo (GRE) and the
turbo spin echo (TSE) imaging sequences.

Built-in body transmit RF coil
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S

Gradient coil
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\
\
\
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Clinical MRI system

Organ-specific transmit RF coil

Organ-specific receive RF coil

Organ-specific PET
(e.g., brain PET)

Figure 1 Schematic of an organ-specific (OS) PET with an MRI system. The OS PET combines an RF shielded PET with MRI
RF coils (transmit/receive). It is also possible to use the built-in RF coil of the MRI system as a transmitter.
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Add-on PET image with MRI

SIEMENS

H Brain add-on PET

(a) OS add-on PET combining a birdcage RF coil and RF shielded PET detectors in a single module [3, 7].

3TMRI 7T MRI
f

*H/*Na MRI OS PET prototype H MRI OS PET prototype

— TN microstrip RF coil
N3 15ep-RE coil 'H 4-channel microstei

4 \

(b) An RF-penetrable OS PET insert [8] . . .
that uses the built-in MRI RF coil. (c) OS PET prototypes using multichannel surface RF coils [6, 9].

Figure 2 Different OS PET designs at QST. (a) A full-ring human brain imaging OS add-on PET for a 3T MRI system
(Siemens MAGNETOM Verio). Proton (H) imaging is the conventional clinical MR imaging method. (b) An oval RF penetrable
OS PET insert that uses the built-in body RF coil of the MRI system. (c) A partial ring dual RF coil design for OS PET for a 3T
MRI system (Siemens MAGNETOM Prisma). (c) The present study — a 4-channel microstrip RF coil for OS PET designed to

be used for a collaboration project with a 7T MR facility (Siemens MAGNETOM Verio) at NIPS, Aichi, Japan.

PET detector RF shield cage

as ground conductor
Ground conductor \ %I\ ---------------------------------- I
\ ﬂﬂ]ﬂlﬁ N

“3 T° “T \ T &
1\ /l \
b4 B + "~ H
%C, - shunt capacitor Microstrip conductor PET detector + front-end electronics

Singleslayer ground conductor

A\ B

(a) Conventional microstrip RF coil (b) PET microstrip RF coil

Figure 3 Microstrip surface RF coils. (a) A conventional microstrip coil combining a microstrip conductor and a ground
conductor. The ground conductor works as an RF shield for the coil. (b) The RF shield box of a PET detector designed for an
OS PET device is used as the ground conductor of the microstrip RF coil.

62



PET

ik

Figure 2 [3Fc4 7B L 7-kk 4 72 OS PET £E& T
HY, ZORTHEEBT N4> PET ZBEICA T >~
TATHERZIT-o>TW5, ATl 7T 25 MRI A
@ OS PET =0 (Z5%5t L7z 4chd~ A4 7R R Y
v 7'RF A ILIZDOWTHET S (Figure 2 (c)),
koA 70X MYy 7 RFE a4 LiE, LR b
Uy THROERE RF —IL R L CHped 2 BB
DEETHEREINS (Figure 3 (a)), AFERTIE,
PET EAH RF a4 /LR TH D 7=, PET i&Hzs
D RF —IILRRyZXZAAILDT T RFELT
M9 % (Figure3 (b)) [6], LEED7=8(C 4ch D
fEkBv A0 MYy 7 RF a4 LHEEL, 7
7Y b LEBWEEHEREREZIT o7, 4ch ¥4 70
ZbYyZRFOAIIE, £I—0 PET HHEBEY
a—JLIZHEH Lz (PET BRHEBOY—ILRRYy 7R
DHERF 77557 —7—Y & LTER),

MR EfRIZAEFE 7 7> b L (NaCl + NiSO, X
H,0) # GREB LU TSE #BHWTHE L7, GR®D
N7 A —%(F TR=300ms, TE=59ms, 77U w7
A=45" RT7AREK=15, AT7A4A RE=5mm,
B~ kYU v X=256x256, FOV=200mm?3, TSE
D/IXT A —=Z|EZTR=4000ms, TE=8.8ms, 7 U v
TA=140° | X7 A4 XE=15, R T4 R[E=5mm,
BR~ k) 7 R =256x%x256, FOV=200 mm?,

OS PET microstrip coil

Conventional microstrip coil

(a) Gradient echo (GRE) MR images

2024 Report on PET Imaging Physics Research

Methods and Materials

Figure 2 illustrates different OS PET devices that have been
developed at our lab; among them, the add-on brain PET has
already been tested with human volunteers. Here, we report
on a 4-channel microstrip transmission line RF coil designed
for OS PET for a 7T whole-body MRI system (Figure 2(c)). A
conventional microstrip RF coil consists of a microstrip
conductor and a single-layer ground conductor that functions
as an RF shield (Figure 3(a)). In this study, to develop a PET
dedicated RF coil, the RF shield box of a PET detector was
used as the electric ground conductor of the microstrip coil
(Figure 3(b)) [6]. Both a 4-channel conventional microstrip RF
coil and a 4-channel OS PET microstrip RF coil were designed
for a comparison. A phantom study was conducted for both the
coils. The 4-channel PET microstrip RF coil was implemented
with dummy PET detector modules (only the detector RF

shield box was used as the RF Faraday cage).

MR images were measured with a cylindrical phantom (NaCl +
NiSO4 x H,0) for the GRE and TSE imaging sequences. The
GRE sequence parameters were as follows: TR = 300 ms, TE
= 5.9 ms, flip angle = 45 deg, slices = 15, slice thickness = 5
mm, image matrix = 256 x 256 and FOV = 200 mm?. And the
sequence parameters for the TSE were: TR = 4000 ms, TE =
8.8 ms, flip angle = 140 deg, slices = 15, slice thickness = 5
mm, image matrix = 256 x 256 and FOV = 200 mmZ.

Conventional microstrip coil

OS PET microstrip coil

(b) Turbo spin echo (TSE) MR images

Figure 4 MR images of both the conventional and OS PET microstrip RF coils. (a) Gradient echo (GRE)
and (b) turbo spin echo (TSE) images of the phantom for the central transverse slice.

BR
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Results and discussion

Figure 4 illustrates the central transverse slice images for both
4-channel RF coils. The left image of Figure 4(a) shows the
positions of individual microstrip RF coil with a 90-deg phase
shift orientation. The signal-to-noise ratios (SNRs) of GRE and

TSE images for the conventional coil were 203.1+28.2 and
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80.2 + 27.0 respectively, whereas they were respectively
202.4434.2 and 75.1+29.8 for the PET microstrip coil. The
image homogeneity was seen to be very low in all images. In
the multi-channel configuration, a full-ring 360-deg field-of-
view coverage is required to achieve a high image
homogeneity. For this, in the future, we plan to design a 16-
channel PET microstrip RF coil for brain imaging purpose that
should provide high SNR and high image homogeneity. A study
for a PET detector with a single-channel coil with the 7T MRI

system can be found elsewhere in the literature [6].

Conclusion

We developed a 4-channel OS PET microstrip RF coil as a
prototype for a 7T whole-body MRI system. A conventional 4-
channel microstrip RF coil was also designed for a
comparison. MR images were measured for both RF coils. The
PET microstrip RF coil performed like the conventional
microstrip RF coil. A future study with a large number of RF
coils (e.g., sixteen channel coils) and a PET detector housing
for all the RF coils will be done to develop a human brain OS

PET for a whole-body 7T MRI system.
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Introduction

Carbon-ion therapy can deliver a high dose to a tumor while
minimizing impact on the surrounding organs. High treatment
outcomes have been achieved by carefully irradiating the
treatment beams based on treatment plans that in turn are
generated based on precise calculations using CT images.
Currently, the effectiveness of a treatment is evaluated through
follow-up observation. To enable on-site confirmation of the
dose given by the actual irradiation, we are conducting
research and development of OpenPET to provide more
reliable treatment [1-3]. The beam used in carbon-ion cancer
therapy generates various positron emitters by nuclear
fragmentation reactions with the living body. Therefore, PET is
considered a promising method for range verification [4]. Since
the half-lives of the generated positron emitters are short and
their amount is limited, in-beam PET is desirable as it allows
measurement during and immediately after irradiation to obtain
sufficient data in a short time. OpenPET is a full-ring type that
allows 3D tomographic imaging while having an open space
that allows the treatment beam to pass through. Last year we
started the first clinical trial for carbon-ion therapy for head and
neck cancer. In this paper, we report the results of a preliminary
study on range verification using data measured so far.

Figure 1 OpenPET developed using 4-layer DOI detectors and installed in treatment room E at the HIMAC.
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Method

OpenPET has a geometry in which a cylinder is cut by two
parallel oblique planes, and the detectors are shifted in the axis
direction from the cylindrical PET detector arrangement. Using
our original 4-layer DOI detectors, we have achieved high
spatial resolution despite the special detector arrangement [3].
For use in clinical trials at the HIMAC treatment room (room E),
a detachable rail system was developed to enable OpenPET
to be moved quickly to the isocenter measurement position
after patient setup (Figure 1).

Beam switching &
OpenPET movement
(2-3 min)

Vertical irradiation
(1-3 min)

Off-beam PET
(10 min)

Horizontal irradiation
(1-3 min)

PET measurement

Figure 2 Measurement protocol of OpenPET for two-port irradiation.
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The head and neck cancer treatment that was the subject of
the clinical research involves a total of 16 irradiation fractions.
In-beam measurements were performed using OpenPET for 4
of these sessions (1-4, 5-8, 9-12, 13-16). Two-port irradiation
(vertical and horizontal) is performed in each fraction.
However, since the current OpenPET is designed for horizontal
irradiation only, vertical irradiation was performed first without
OpenPET. Then, OpenPET was moved along the rail to
perform measurements during horizontal irradiation and for 10
min immediately after the end of irradiation (Figure 2). The
National Institutes for Quantum Science and Technology
Certified Review Board approved this clinical study (Trial ID:
jRCTs032220746).

The irradiation beam had a structure called a bunch, and
irradiation (beam on) and pauses (beam off) were repeated at
irregular intervals of about 1 s. During beam on, there were
many prompt gamma rays, and data could not be used, but
during beam off, data with less background noise could be
obtained. Therefore, we extracted coincidence events during
the beam-off time only and added them to coincidence events
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for 10 min immediately after irradiation. For image
reconstruction, the list-mode MAP-OSEM (8 subsets, 10
iterations) incorporating the smoothing function of the median
root prior (MRP) as prior information was used, and attenuation
correction and scatter correction were performed by registering

the X-ray CT images used for treatment planning.

As a method for evaluating images obtained by OpenPET
measurement and verifying the range, gamma analysis was
applied to compare images obtained with the same irradiation
plan between fractions [5]. Gamma analysis is widely used in
dose evaluation in radiation therapy to compare the evaluation
dose distribution with the reference dose distribution by
combining evaluations of the dose difference and the
agreement of the dose distribution. This method can be applied
not only for dose distribution images but also for general
images. One image is used as the reference image, and the
other is the evaluation image. A tolerance value AD for the
difference in the evaluation value and a tolerance value Ad for
spatial distance are set, and an evaluation value called the
gamma index (y) is calculated for each voxel. The percentage
of passes within is the gamma pass rate, where a gamma pass
rate of 90% or more (AD = 3%, Ad =3 mm, etc.) is generally
considered to be the pass standard for dose verification using
gamma chromic films. In this study, considering the spatial
resolution of the in-beam PET images, we set AD and Ad
values to 3% and 6 mm, respectively.

Results

Figure 3 shows the irradiation plan dose, OpenPET images,
and the gamma analysis results for the first case at the first
and second weeks of measurement. The total RBE (relative
biological effectiveness) weighted dose for the horizontal and
vertical irradiations was 4 Gy. The same irradiation plan was
used in the first and second weeks; therefore, the PET images
can be compared directly. Since low-activity areas other than
the irradiated area cannot be correctly evaluated by gamma
analysis, areas with voxel values of 15 Bg/mL or more were
evaluated. As a result, the gamma pass rate was high at
99.4%. In addition, the same irradiation plan was used in the
third and fourth weeks (differing from the first and second
weeks), and the gamma pass rate was high at 96.3%.

Conclusion

As we proceeded with the OpenPET carbon-ion therapy
clinical trial, we applied gamma analysis to compare images
obtained from the same irradiation plans to evaluate the
obtained in-beam PET images and obtained values showing a
high degree of agreement. In the future, we plan to increase
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BhRATWE, BEMRELOBRAENT 5 FETH the number of cases further and analyze the relationship with

5o Tl MRIRBEBICEEIN S HRWE LR YT treatment outcomes. We also plan to analyze the washout

EITW SBEREL 0BRMEEZRETAFECTH B, offect, which is influenced by the blood flow state, and
investigate the relationship with treatment outcomes.
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Figure 3 The first and second measurements of the first case based on the same irradiation plan were compared
by gamma analysis. The passed voxels were in blue, and the failed pixels were in red.
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Introduction

Tumor oxygen status provides important information to
optimize particle therapy. Tumor oxygen status might
constantly change during a treatment period of several weeks,
but it is impractical to execute diagnostic positron emission
tomography (PET) using radioactive agents (hypoxia markers)
for every fractionated irradiation. Therefore, we focused on a
PET approach which is being put into practical use for verifying
beam range in particle therapy (range-verification PET).
Range-verification PET is based on the detection of positron
(B*)-emitting nuclides produced through nuclear fragmentation
reactions in tissue [1]. Because the washout rate of the
produced B*-emitting nuclides reflects the tumor vascular
status (i.e. oxygen status) [2], we hypothesized that the
washout rate of the produced *-emitting nuclides themselves
would be a biomarker for the tumor oxygen status.

This hypothesis has been confirmed by demonstrating the
washout-based tumor diagnosis by separating hypoxic tumors
from viable tumors in a rat model [2-6]. The aim of the present
study was to detect the washout rate distribution within the
tumor and verify its relationship with the oxygen status within
the tumor. We irradiated a '2C ion beam onto the tumor rat
model, then we performed a PET scan using a total-body small
animal PET system (TBS-PET) [7]. Then, a hypoxia PET (*8F-
FAZA injection) experiment was carried out for the same rat
model, and the relationship of the washout rate distribution and
tumor oxygen status was investigated.

‘Tumor rat model preparation ‘ ‘ Range-verification PET expt. ‘ ‘ Hypoxia PET expt. ‘ ‘Tumor tissue sectioning

C6 glioma cell 12C irradiation

implantation
PET scan
2 weeks 27min (30 min)
anaesthetized
Figure 1
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18F-FAZA injection

sacrifice
PET scan H&E staining
10-12h (30 min)
anaesthetized

Overview of the experimental design of this study.
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Method

The experimental design of this study is shown in Figure 1.
The tumor rat model was prepared by implanting C6 glioma
cancer cells (4x10° cells) into the subcutaneous region in the
left thigh.

@ Range-verification PET experiment:

After the tumor grew to 2 cm in diameter, a '>C ion beam was
irradiated to the whole tumor. Immediately, PET scanning was
performed for 30 min by TBS-PET which was installed outside
the irradiation room.

@ Hypoxia PET experiment:

Within a half day after the range-verification PET experiment,
the radiopharmaceutical, '8F-FAZA, was intravenously injected
into the same rat model. After 60 min for uptake, PET scanning
was performed for 30 min by the high-resolution small animal
PET system, Mirai-PET (Mirai Imaging Inc., Fukushima, Japan)
[8]. Then, the tumor tissue section was obtained to confirm the
tumor histopathological status.

In the range-verification PET experiment, we first set two
regions with different radioactivity intensities from static
images, and derived the washout rate of produced B*-emitting
nuclides from dynamic data. To obtain the washout rate
constant (kym [min']), the single tissue compartment model
was applied. The washout rate distribution was then compared
with the images of the hypoxia PET experiment.

N
@

Range-verification PET expt.

290 MeV

absorber
=S0BP(1.5~~2.0 cm)

N

=beam size

TBS-PET

Y
—— @)

Hypoxia PET expt.

Mirai-PET
(QST model)

<S%j[F]-FAZA

b)

Figure 2 Experimental set up for the range-verification PET experiment (a) and the hypoxia PET experiment (b).
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Results and Discussion

Figure 3 shows axial images of the tumor obtained by the
range-verification PET and the hypoxia PET experiments. The
higher activity intensity area observed in the range-verification
PET image corresponded to the low accumulated area
observed in the diagnostic PET image, and that area was
observed around the central part of the tumor. Figure 3 (c)
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shows the time activity curves of the irradiation produced B*-
emitting nuclides obtained by the range-verification PET
experiment. The higher activity intensity area (more than 80 %
of the maximum value) was plotted with open circles and that
of the other lower activity intensity area was plotted with filled
circles. The derived washout rate constants, k;m, by the
compartment model were also shown in Figure 3. The washout
rate was clearly slower in the higher activity intensity area.

Figure 4 shows slices of the tumor tissue sections. At the
inner part of the tumor, dead cell-like structures without any
blood vessels were observed, indicating that necrosis had
occurred. The low accumulated area in the hypoxia PET image
was considered to be necrotic. These results suggested that
the irradiation produced B*-emitting nuclides in the necrotic
area which slowly washed out due to the lack of blood flow.

Range-verification PET Hypoxia PET
100
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Figure 3 Axial tumor image obtained by the range-verification PET experiment (a) and the hypoxia PET experiment (b).
Time activity curves in the higher activity intensity area (open circles) and that in the other lower activity intensity area
(filled circles) (c). Solid lines were obtained by fitting results with the compartment model.
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. 100pm

Figure 4 Tumor tissue section. The slice from the central part of the tumor.
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Conclusion

In this study, we compared results obtained for the range-
verification PET experiment after '2C ion beam irradiation and
the hypoxia PET experiment injecting '8F-FAZA tracer. A
difference was observed in the biological washout rate that
depended on the vascular status inside the tumor. The results

oo REBROBERIE. MTHARICH T 5 RERI
PET B&IC V. MEMEAE AT IS OBE
WHE S DU CE B AR AR L1,

of this study demonstrated the possibility that range-
verification PET in particle therapy may be used to diagnose
the
radiopharmaceuticals.

oxygen status of tumors, without using
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Introduction

Small-animal PET scanners have been used for translational
research, which fills the gaps between basic research and
clinical research. For example, small animal experiments can
be conducted using the same radiopharmaceuticals as in
clinical research to facilitate a smooth transition to the clinical
setting.

However, conventional small animal PET scanners have a
short axial field of view (FOV) of about 10 cm, which limits the
sensitivity and total body imaging of animals the size of a rat
[1]. Therefore, we developed the ultra-sensitive total-body
small animal PET (TBS-PET) with a 32 cm FOV (Figure 1) [2].

The TBS-PET enables total-body rat imaging and ultralow
dose imaging, thereby accelerating drug discovery research.
The modeling of a small animal PET system using Monte Carlo
simulation is important to optimize the imaging protocol for
animal imaging.

In this study, we report the Monte Carlo simulation results of
the TBS-PET. These
experimental data in terms of spatial resolution and sensitivity.

results were validated against

< Front view> < Side view >

Axial FOV = 325.6 mm

TBS-PET scanner
(Total-body-small-animal PET)

GSOZ crystal (Z.4=59)

2.8

4-layer DOI detector configuration

GSOZ crystal array(16x16x4 array)
4

M

2.8 x 7.5mm?)

30 mm

4 v
v f
| mmlllﬂ

wily menum

HMIIW' _% 7. 5 mm
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¥ 75mm

8x8 array
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readout

Figure 1 Photos and schematic drawings of the TBS-PET scanner
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Method

In this study, GATEV9.0 software was used for the Monte Carlo
simulation of the TBS-PET [2]. The TBS-PET had an inner
diameter of 155 mm for each of its 6 rings and 10 DOI detectors
per ring. The axial FOV was 325.6 mm. Each DOI detector
consisted of a 4-layer GSOZ crystal array (16 x 16 crystals in
the array) and an 8 x 8 channel multi-anode PMT. The crystal
size was 2.8 x 2.8 x 7.5 mm? (crystal pitch was 2.85 mm) with
a total crystal thickness of 30 mm. GATE software was used to
model the TBS-PET geometry and DOI detectors (Figure 2).

For sensitivity measurements, a ?Na point source (0.25 mm
diameter, 1 MBq) was scanned along the axial direction from
the center to the 168 mm offset position at an interval of 14

mm.

Spatial resolution was evaluated with a 2Na point source at
four different radial offset positions (0, 10, 20, and 30 mm).
Imaging performance was evaluated by using a 0.4 MBq #?*Na
Derenzo phantom (rod diameter: 1.6, 2.2, 3.0, 4.0, 5.0, and 6.0
mm) at the center of the FOV with a scan time of 10 min. Image
reconstruction was performed using the 3D OSEM method
with 8 subsets and 5 iterations. The voxel size was 1 x 1 x 1
mm?3. The energy window and coincidence time window were

set to 400-600 keV and 12 ns, respectively.

In the experiment, a crystal decoding error (CDE) occurs due
to the light sharing detector design. The CDE degrades the
spatial resolution in experiments. Therefore, the CDE was
modeled in the simulation by shuffling the coincidence events
between neighboring crystals (Figure 3). All performance
evaluation results from the simulation were compared with
experimental results to evaluate the reproducibility of the

simulation.

325.6 mm

Figure 2 The front view (a), side view (b) and 3D view (c) of the TBS-PET geometry in the GATE simulation.
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Experiment
Crystal map DOI index
@ 1*(Top)
A 2nd (Mid)
x® 3rd (Mid)
[ 4t (Bot)

Simulation (Post processing)

Shuffling events between the
neighboring crystals to implement
the crystal decoding error

DOI index

Figure 3 Crystal map and DOI index for the experiment (left),
and the crystal decoding error implemented into the simulated PET events (right).
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Results and discussion

The energy spectra of the experiment and simulation had
similar distributions to each other. The sensitivities of the
simulation and experiment with an energy window from 400
keV to 600 keV were also similar to each other (Table 1). The
axial sensitivity profile obtained with the simulation was

reproduced by the experimental results (Figure 4).

For the evaluation of spatial resolution using a ?°Na point
source, the results were close to the experimental results by

including the CDE process in the simulation (Figure 5).

The image reconstruction and peak valley response (PVR)
results for the Derenzo phantom also showed that the results
with CDE modeling (W/ CDE) were closer to the experimental
results than those without CDE modeling (W/O CDE) (Figure
6).

By considering the CDE in the simulation, the image
reconstruction results also became closer to the experimental

data.

(b) Axial sensitivity profile
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Figure 4 Comparison of energy spectrum (a) and axial sensitivity profile between experiment and simulation (b)
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Table 1 Comparison of sensitivity when energy resolution was 400-600 keV

Sensitivity [%]

Energy Window[keV] Simulation Experiment
400-600 21.9 20.2
(a) b
10 20 30 ®)

Radial Offset [mm]

_
.5
_
0

Figure 5 The 2Na point source PET images of experiment and simulation without and with the crystal decoding error (a)
and the spatial resolution as a function of radial offset with the OSEM (b)
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Figure 6 Derenzo phantom images of experiment (a) and simulation without and with crystal decoding error (b),
and line profile extracted from the 2.2 mm rod marked by the dotted white boxes
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Conclusion

In this study, the TBS-PET was modeled with GATE Monte

Carlo simulation software to compare simulation results with

al—varyy 7 b7z T7TCETYILTC, U
A=Y arviEREERBEREZ R L7, BE@EER
I7—%FRETHI LT, ERBFRIEVERZH
NTBIeNTER, SBIFTY 77> NLER
WTinvivoAf A=Y v v TaL—2avsiT5F
ETH 5,

experimental results. The spatial resolution was modeled by
implementing CDE into the simulation. Future work will include

in vivo imaging simulation using a rat phantom.
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Introduction

Surgical treatment for esophageal cancer involves extensive
lymph node (LN) dissection, particularly in the cervical and
upper mediastinal regions, increasing the risk of postoperative
complications. Furthermore, approximately 95% of resected
LNs have been reported to be non-metastatic [1], highlighting
the urgent need for accurate metastatic diagnosis to limit the
extent of unnecessary dissection.

A non-invasive diagnostic method for detecting metastasis is
['®F]FDG-PET imaging. ["®F]FDG is a glucose analog that
preferentially accumulates more in metabolically active cancer
cells than in normal cells, enabling the visualization of
metastasis using a PET system. However, the PET system has
limitations in sensitivity and spatial resolution, making it difficult
to detect small metastatic LNs.

Therefore, we propose an intraoperative approach for direct
FDG-PET imaging of individual LNs. To realize this approach,
we are developing a forceps-type mini-PET, which integrates a
pair of ultra-compact PET detectors at the tips of the forceps
[2]. This device measures FDG accumulation with high
sensitivity by clamping LNs and detecting coincident
annihilation gamma rays from '8F. However, the sensitivity to
radiation can vary depending on the relative position between
the radiation source and the detectors. Therefore, sensitivity
correction based on this relationship is required.

In 2022, we simulated and validated a deep learning-based
method to estimate a radioactivity distribution using data from
a 2x2 pixelated detector array. Last year, we evaluated the
basic performance of the multi-crystal-array detector. This
year, we demonstrated the correction concept using our
proposed method, and we report the results here.

Materials and methods

As shown in Figure 1 (a), the designed detector consists of a
pair of BGO crystals with a hemispherical bullet shape, 0 mm
in diameter and 15 mm in length. Each crystal was divided into
a 2x2 array (A, B, C, D). Air gaps were introduced between
crystals AB, BC, and CD, while a U-shaped optical pathway
was formed inserting an ESR-type reflective material between



PET

ICIEREMARE L 7z, XFREORKICIE, FHE
B4 X 3%x3 mm? ,,Jfﬁ:a“h—ﬁxié SiPM
(S14160-3050HS) ZHFHEE L1z, £z, EHMHE
PHINEMKREEE L T, %maa_’l/4/£\1$7&7_‘7|3
VT 2BTEE, FOLENSTILIKRAILTE
5720 % SIPM H 515 bﬂZ)IZ\/l/ﬂF &5 (S1.

S2) ;5:7‘/73 EE(S1—-52)/(S1+S2) L CRfET
B NIE, WERESZ#ENTES[3),
SiPM R b =27 & MPPC BB Eh[E] B8

(C12332-02) L VEMEESE T, 2 DD SiPM A 5
D7 FATESHEY LT > T TER L. Leading
Edge X7 4 X7 VU I X2 =X TCITRILF—FRI%E
L7 (Figure 1 (b)), & SIPM A0 7FO7ES
&, FR RO %= Y HES & LT, CAEN
W T Y % A3 — (DR54 DT57342B) &k Yo7
V> B 1GHz TRk L 7z, 186 mm TXmED
BIN-RHBEFNOEL D 35 ST EXE 3 mm,
& 3mm D ?Na ERRE AW TEHELBIE L

2024 Report on PET Imaging Physics Research

crystals AD. At the end of the optical pathway, a Hamamatsu
Photonics SiPM (S14160-3050HS) with a photosensitive area
of 3x3 mm? was optically coupled. Additionally, the entire
crystal array was wrapped in two layers of Teflon tape followed
by a layer of aluminum foil to enhance light transmission
efficiency and block stray light. The energy signals obtained
from the two SiPMs (S1, S2) were processed using Anger logic
(51-52)/(S1+S2) and three thresholds to identify the
responding crystal.

The SiPMs were operated with a Hamamatsu Photonics
MPPC driver circuit (C12332-02). Analog signals from the two
SiPMs were combined with a summing amplifier and then
energy-discriminated via a leading-edge discriminator (Figure
1 (b)). Output of the coincidence circuit was used as a trigger
signal, and the analog signals from each SiPM were recorded
using a CAEN waveform digitizer (DR54 DT57342B) at a
sampling rate of 1 GHz. The counting rate was measured using
a Na cylindrical source with a diameter of 3 mm and a length
of 3 mm at 35 different points within the field of view of
detectors arranged oppositely with a separation of 6 mm. The
coefficient of variation (the standard deviation divided by the

7oo 35 RUICH T 2EHEDOEE R (FRHERZE%F  mean) of the counting rate across the 35 points was used as
YMETE| - 7-8) ZREDROHMEIBEZEL L7, an evaluation metric for the correction effect.
(a) y-ray (b) 6 mm
c [
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B 5 z
ESR I\ o/|| 3 2 "
— - T
< L)
1 BGO = =R l'L”
Optical 3 A -%.  crystal .
grease S 8 8 g
| 5 || E 5 || B § g
— lomm ™ 3P E TPEM|E § plg
< = < = £ S
3 2 S 9
. a a © <
3x3 mm? _: «—— Teflon
SiPM +Aluminum
NIM module J -=-» via driver circuit
Cho Chl
Figure 1 (a) Design of 2x2 BGO crystal array detector and (b) coincidence detection circuit.
TLABHBRRTALHDINS 16 HHOREET We developed a neural network (NN) model (Figure 2 (a)) that

%5(1577— (A-A, A-B, -, D-D) Z# AN & L. Wafee
DD 2 RTERE (X, Z) #HNTH=2—F)L%
v k7 —2 (NN) EF L%/ L7 (Figure 2 (a)),
hRIEIZ, 64 2=y bOLEEAE CEMLEEE
RelLU) & 32 2=v boeiEEE CEM4HCEE% : >
JEAFR) TEREIND, ETILOFRZICIE, Tk

took 16 pairs of coincidence signals (A-A, A-B, ..., D-D) output
from the array detector pair as input and output the two-
dimensional coordinates (X, Z) of the radioactivity distribution.
The hidden layers consisted of an affine layer with 64 units
(activation function: ReLU) and another affine layer with 32
units (activation function: sigmoid). The model was trained

using the mean absolute error (MAE) as the loss function and
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Adam (learning rate: 0.01) as the optimization algorithm.

Geant4 simulation was conducted to obtain the sensitivity
distribution S(x, z) in the XZ-plane of the detector FOV (Figure
2 (b)). S was normalized by dividing by its maximum value, and
inverse values were used to generate a correction coefficient
map: C(x,z)"! = S(x,z)/max(S). The simulation data were
also used as training data for the NN model.

ww ge'/
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(a) NN model structure and (b) visualization of Geant4 simulation.

Result

Using data measured at 35 points, the NN model estimated the
positions of the radioactivity distribution. The MAE between the
true and estimated values was 0.57 mm for the X-axis (Figure
3 (a)) and 0.78 mm for the Z-axis (Figure 3 (b)). While the
estimation accuracy degraded in the peripheral areas of the
detector FOV due to statistical error compared to the central
area, the mean 2D Euclidean distance error was 1.07 mm,
indicating good overall performance.

Additionally, the coefficient of variation of the counting rate was
66% (46.2 + 30.5 cps) before correction and improved to 48%
(112.1 £ 53.58 cps) after correction. (Figure 4 (b)). In the
central region of the FOV, the values approached the reference
value (measured value at the center of the detector FOV) of
101 cps; however, in the peripheral regions, larger position
estimation errors led to a decline in correction accuracy.
Improving position estimation accuracy in the peripheral
regions remains a future challenge.

Conclusion

To improve the quantification accuracy of a forceps-type mini-
PET, we developed a NN model that estimates the 2-D
coordinates of the radioactivity distribution using a 2x2 array
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Figure 4 Count rate map: (a) before correction, (b) after correction.
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Introduction

In positron emission tomography (PET), source positions of the
annihilation radiation along the lines of response (LORs) can
be estimated using time-of-flight (TOF) information. Recently,
a pair of Cherenkov-radiator-integrated microchannel-plate
photomultiplier tubes (CRI-MCP-PMTs) has achieved a world-
fastest TOF resolution of 30 ps [1], which corresponds to a 4.5
mm spatial resolution. Reconstruction-free imaging has been
demonstrated [2] using the pair of the CRI-MCP-PMTs without
the detector rotation. Such ultrafast TOF detectors are
expected to free PET from the conventional ring geometry to a
non-ring geometry, such as a dual-panel geometry. The dual-
panel geometry ensures a wider open space than the ring
geometry, enabling new PET applications, such as image-

guided surgery and in-beam monitoring.

In the previous research [2], the pair of detectors with 30 ps
TOF resolution was demonstrated to obtain tomographic
images with a bench-top setup. However, the required TOF
resolution for the human-sized dual-panel system has not been

investigated well.

In this study, we simulated the dual-panel PET with ultrafast
TOF resolution. We evaluated the spatial resolution and image

noise to clarify the required TOF resolution.

Method

We modeled the proposed dual-panel PET and a ring PET
using Geant4 simulation (Figure 1(a)). For the dual-panel PET,
two detector panels, each sized 142 x 142 mm?, were placed
face-to-face at a 300 mm distance. The ring PET had 5
detector rings with a 300 mm diameter and 142 mm axial field

of view. The dual-panel PET was composed of 50 detectors,
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and the ring PET was composed of 160 detectors. Each
detector had a 4 x 4 array of 5 mm-thick BGO crystals with a
5.75 mm pitch. We supposed that the multi-anode CRI-MCP-
PMTs (5.75 mm readout pitch) [3] with a BGO window with 28
x 28 mm? surface size would be a future possible extension of
a commercially available multi-anode MCP-PMT (R10754-07-
M16, K. K). We

Cherenkov/scintillation hybrid measurements of the BGO

Hamamatsu  Photonics used
crystal; detection timing was determined by the Cherenkov
photons and position and energy information was determined
by the scintillation photons. Energy resolution was set at 20%.
TOF resolutions were varied from 30 ps to 50 ps for the dual-

panel PET.

We used a numerical phantom, which consisted of multi-rod
and uniform cylindrical distributions of positrons (Figure 1(b)).
Spatial resolution and image noise were evaluated with this
phantom. The multiple rods were 15 mm in height and 6.0, 5.0,
4.0, 3.0, 2.2, and 1.6 mm in diameter. The size of the uniform
cylindrical activity was 50 mm in height and 45 mm in diameter.
We only simulated the radioactivity distributions, and radiation
attenuation and scattering with material on the phantom were
not simulated. The radioactivity was 21 MBq in total. The data

acquisition time was 600 s.

We used the maximum likelihood expectation maximization
(ML-EM) algorithm for image reconstruction. The TOF
resolution kernel of the dual-panel PET was modeled with a
Gaussian function. The TOF information was not used for the

image reconstruction in the non-TOF ring PET.

Phantom

(b)

Dual-panel TOF-PET

<L
<

300

Figure 1

Ring PET (non-TOF)

45

[mm]

Multi-rod area Uniform area

Simulated geometries of the dual-panel TOF-PET and the ring PET (a)

and activity distribution of the numerical phantom (b).
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We evaluated the spatial resolution of the multi-rod activity and
the image noise of the uniform cylindrical activity. The spatial
resolution was evaluated with the percentage peak-to-valley
ratio (%P2V) of the 4 mm rods aligned perpendicular to the
detector panels. The image noise was evaluated with the
percentage standard deviation (%SD) of the circular region of
interest (ROI). The circular ROl of 30 mm in diameter was

placed at the center of the cylindrical activity.

Results and discussion

Figure 2 shows the reconstructed images of the multi-rod
activity. The iterations of the ML-EM algorithm were selected
at 10% of %SD in the uniform cylindrical activity. From the
results of %P2V, the dual-panel PET at 30 ps (%P2V = 94.6%)
and 40 ps (%P2V = 93.6%) showed better rod resolution than
the non-TOF ring PET (%P2V = 92.3%). The proposed dual-
panel PET required 40 ps TOF resolution to have the same
spatial resolution as the non-TOF ring PET. The 3 mm rods
were resolved even with the 40 ps TOF resolution (equivalent
to 6.0 mm spatial resolution). This was possibly because the
oblique LORs compensated for the spatial resolution in the

direction perpendicular to the detector panels.

Figure 3 shows the reconstructed images of the uniform
cylindrical activity. The iterations of the ML-EM algorithm were
selected at 92.3% of %P2V (%SD = 10% in the non-TOF ring
PET) in the multi-rod activity. %SD, which indicated image
noise, was increased from 5.3% to 14.4% according to the
degraded TOF resolution from 30 ps to 50 ps. We assumed
that the detection timing of all coincidence events could be
identified whether they were determined by scintillation
photons or Cherenkov photons [4]. Further investigation on

image quality is needed when both events are mixed.

D Dual-panel PET

TOF Non-TOF

92.3%

30 is_ 40 is 50 is

94.6%

93.6% 85.2%

Figure 2 Reconstructed images of the multi-rod activity. TOF resolutions were varied from 30 ps to 50 ps in the dual-panel PET.
The number of iterations was selected when %SD was closest to 10%.
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Phantom D Dual-panel PET
TOF 30 ps 40 ps

%SD 5.3% 8.7% 14.4%

Figure 3 Reconstructed images of the uniform cylindrical activity. TOF resolutions were varied from 30 ps to 50 ps.
The number of iterations was selected when %P2V was closest to 92.3%.

xeH Conclusion

Geantd I alL—avaE0NT,. 85 TOF 4 We investigated the imaging performance of the dual-panel
BREEA T OWME/SZIIBIPET DA X —2 v & 4kge%  PET with ultrafast TOF resolution using Geant4 simulation.
FE LT, U o REDERSREER1E S /- The 40 ps TOF resolution was required for the proposed dual-
21X 40 ps O TOF DEREENMETH D Z & HH > panel PET to have the same spatial resolution as the ring PET.
7=
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range verification for small animals with a novel spherical in-beam PET scanner,” AAPM2024, 2024. (oral, 2024/7/23, LA)

F. Evangelista , M. Nitta, G. Lovatti, J. Bortfeldt, Z. Huang, M. Pinto, C. Gianoli, G. Dedes, H. G. Kang, T. Yamaya, N.
Bassler, P. R. Poulsen, P. Thirolf, K. Parodi, “Novel spherical in-beam PET scanner for online range monitoring in small
animal radiation research”, Abstracts / Physica Medica 125S1, S48-S49, 2024. (5th European Congress of Medical
PhysicsJoint Conference of the DGMP, OGMP & SGSMP, SC 21.05, oral, 20249/13)

Han Gyu Kang, Hideaki Tashima, Fumihiko Nishikido, Hidekatsu Wakizaka, Makoto Higuchi, Miwako Takahashi, Taiga
Yamaya, "Development of an ultrahigh resolution small animal PET," The 10th Japan-Korea Joint Meeting on Medical
Physics, 0-078, 2024. (oral, Nagoya Congress Center, 2024/9/21) (President Award Gold (1st place))

Go Akamatsu, Hideaki Tashima, Sodai Takyu, Mitsutaka Yamaguchi, Naoki Kawachi, Makoto Sakai, Jun Furukawa, Shinji
Motomura, Donghwan Kim, Kenji Shimazoe, Shunsuke Kurosawa, Han Gyu Kang, Hidekatsu Wakizaka, Fumihiko
Nishikido, Eiji Yoshida, Miwako Takahashi, Taiga Yamaya, "Development of performance evaluation methods for medical
Compton camera," The 10th Japan-Korea Joint Meeting on Medical Physics, 2024. (oral, Nagoya Congress Center,
2024/9/21)

Sodai Takyu, Ken-ichiro Matsumoto, Tetsuya Hirade, Fumihiko Nishikido, Go Akamatsu, Hideaki Tashima, Miwako
Takahashi, Taiga Yamaya, "Positronium lifetime measurement using a clinical PET system for biological and medical
applications," The 13th International Workshop on Positron and Positronium Chemistry (PPC13), Oral-09, (Oral, 2024/10/29,
Kanazawa)

M. Nitta, G. Lovatti, F. Evangelista, J. Bortfeldt, M. Pinto, Z. Huang, N. Bassler, P. R. Poulsen, H.G. Kang, A. Zoglauer, C.
Gianoli, G. Dedes, T. Yamaya, P. G. Thirolf, K. Parodi, ”Characterization of the SIRMIO Spherical Small Animal PET
toward Simultaneous Beam and Tracer Imaging,” 2024 IEEE NSS MIC RTSD, M-02-04, 2024. (oral, 30 October, 2024)

T. Ishikawa, G. Akamatsu, S. Ito, H. Mizuma, C. Seki, Y. Nagai, T. Okauchi, H. Wakizaka, Y. Iwao, H. Tashima, E. Yoshida,
T. Minamimoto, T. Yamaya, “Mirai-PET: High-Resolution, Portable, Axially Long Small Animal PET with TOF-DOI
Detection,” 2024 IEEE NSS MIC RTSD, M-02-05, 2024. (oral, 30 October, 2024)

F. Nishikido, S. Takeda, T. Arai, H. Tashima, T. Takahashi, T. Yamaya, “Prototyping an Si-GAGG Detector Unit for Whole
Gamma Imaging,” 2024 IEEE NSS MIC RTSD, M-10-05, 2024. (oral, 31 October, 2024)

H. Tashima, C. Toramatsu, A. Hamato (Mohammadi), Y. Iwao, G. Akamatsu, H.G. Kang, F. Nishikido, M. Tajiri, H. Mizuno,
M. Koto, T. Yamaya, “First Patient Study of In-Beam OpenPET for Range Verification in Carbon-lon Therapy,” 2024 IEEE
NSS MIC RTSD, M-16-05, 2024. (oral, 1 November, 2024)

H.G. Kang, H. Tashima, T. Yamaya, “Design of a Sub-0.5 mm Resolution Mouse Brain PET — GATE Simulation Study,”
2024 IEEE NSS MIC RTSD, M-11-03, 2024. (oral, 1 November, 2024)

Han Gyu Kang, Hideaki Tashima, Taiga Yamaya, "GATE Simulation for Sub-0.5 mm Resolution PET," GATE User Meeting
in 2024 IEEE NSS MIC RTSD, 2024. (oral, 31 October, 2024)

£ ((RXA—%%) International conference (poster presentations) (23)

Taiga Yamaya, Taiyo Ishikawa, Go Akamatsu, Hideaki Tashima, Fumihiko Nishikido, Miwako Takahashi, Chie Toramatsu,
Yuma Iwao, Fumio Hashimoto, Ryosuke Ota, Sun Il Kwon, Simon R. Cherry, “Dual-panel geometry for PET-guided therapy
to be enabled by super-fast detector: simulation study,” PSMR2024 Book of Abstracts, p. 55, 2024. (PSMR2024, oral,
2024/5/22)

Chie Toramatsu, Hideaki Tashima, Hidekatsu Wakizaka, Chie Seki , Go Akamatsu, Han Gyu Kang, Nobuhiro Nitta, Akram
Mohammadi, Taiga Yamaya, “Utility of total-body PET in monitoring carbon ion therapy: Demonstration in rat,” PSMR2024
Book of Abstracts, p. 58, 2024. (PSMR2024, oral, 2024/5/22)

Miwako Takahashi, Fumihiko Nishikido, Go Akamatsu, Yuma Iwao, Hideaki Tashima, Mikio Suga, Taiga Yamaya, "The
first clinical test of Add-on PET: A PET-integrated RF coil for 3T MRIL" SNMMI2024, 241855, 2024. (poster, Toronto,
2024/6/11)

Taiga Yamaya, Taiyo Ishikawa, Go Akamatsu, Hideaki Tashima, Fumihiko Nishikido, Miwako Takahashi, Fumio Hashimoto,
Ryosuke Ota, Sun Il Kwon, Simon R. Cherry, "Dual-panel PET system to be enabled by 30-ps super-fast detector: simulation
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[6]

[19]
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study," SNMMI2024, 241643, 2024. (poster, Toronto, 2024/6/11)

Taiga Yamaya, Hideaki Tashima, Chie Toramatsu, Akram Hamato, Yuma Iwao, Go Akamatsu, Han Gyu Kang, Minoru Tajiri,
Hideyuki Mizuno, Masashi Koto, “The first clinical test of OpenPET: the world’s first open-type full-ring PET system for
range verification,” PTCOG62 Conference, 2024. (poster, Singapore).

Ryoichi Hirayama, Hideaki Tashima, Akram Hamato, Nicholas Howell, Frederic Sierro, Marissa Kielly, Anita Caracciolo,
Daniel Franklin, Susanna Guatelli, Taiga Yamaya, Anatoly Rosenfeld, Carlo Fiorini, Marco Carminati, Mitra Safavi-Naeini,
“Advancement in NCEPT: Animal study outcomes and technological developments toward clinical application”, PTCOG62
Conference, 2024. (poster, Singapore). (International Journal of Particle Therapy, Volume 12, Supplement, 2024, 100603,
ISSN 2331-5180, https://doi.org/10.1016 j.ijpt.2024.100603.)

Hiroto Hayashi, Kazuya Kawamura, Shigeki Ito, Miwako Takahashi, Taiga Yamaya, "Usability evaluation of improved
handle shapes in a forceps-type mini positron-emission-tomography," 46th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC2024), poster #233, Orlando, USA, July 15-19, 2024.

Taiga Yamaya, Hideaki Tashima, Chie Toramatsu, Akram Mohammadi, Yuma Iwao, Go Akamatsu, Han Gyu Kang,
Minoru Tajiri, Hideyuki Mizuno, Masashi Koto, “The world’s first full-ring in-beam PET system for range verification in
carbon ion therapy,” AAPM2024, SU330-BRP-LOUNGE-2, 2024. (poster, selected as Blue Ribbon Poster, 2024/7/21).

Chie Toramatsu, Hideaki Tashima, Han Gyu Kang, Hidekatsu Wakizaka, Go Akamatsu, Nobuhiro Nitta, Akram Mohammadi,
Chie Seki, Yuma Iwao, Taiga Yamaya, “Intratumoral vascular-condition imaging during carbon ion therapy by range-
verification PET: Rat demonstration,” AAPM2024, TU300-GPD(B)-LOUNGE-351, 2024. (poster, 2024/7/23).

N. Hosotani, H.G. Kang, C. Toramatsu, H. Tashima, T. Yamaya, “GATE Simulation of an Ultra-Sensitive Total-Body Small-
Animal PET Scanner, “ 2024 IEEE NSS MIC RTSD, M-03-064, 2024. (poster, 30 October, 2024, Tampa)

Md Shahadat Hossain Akram, F. Nishikido, S. Takyu, H. Kuribayashi, T. Obata, T. Yamaya, “Concept of a Di-modal
Metabolic Imaging System Combining PET and Sodium (**Na) MRI,” 2024 IEEE NSS MIC RTSD, M-03-100, 2024. (poster,
30 October, 2024, Tampa)

A. Hamato (Mohammadi), H. Tashima, Y. Iwao, C. Toramatsu, K. Parodi, T. Yamaya, “Range verification in carbon ion
therapy: Compton imaging of 718 keV gamma-rays,” 2024 IEEE NSS MIC RTSD, M-03-349, 2024. (poster, 30 October,
2024, Tampa)

H.G. Kang, E. Yoshida, G. Akamatsu, T. Yamaya, “Optimization of a Row-Column Multiplexing Circuit Dedicated to the
TOFPET2 ASIC Module,” 2024 IEEE NSS MIC RTSD, M-08-005, 2024. (poster, 31 October, 2024, Tampa)

F. Nishikido, K. Kamada, H. Wakizaka, A. Yoshikawa, Y. Usuki, S. Ito, T. Yamaya, “Dynamic micro RI Imaging System
Using Eutectic Scintillation Crystal with Micro Fiber Structure,” 2024 IEEE NSS MIC RTSD, M-08-029, 2024. (poster, 31
October, 2024, Tampa)

F. Evangelista, G. Lovatti, J. Bortfeldt, Z. Huang, M. Pinto, C. Gianoli, G. Dedes, H.G. Kang, T. Yamaya, P. G. Thirolf, K.
Parodi, M. Nitta, “Effect of inter-crystal events inclusion on high resolution small-animal PET scanner performance,” 2024
IEEE NSS MIC RTSD, M-08-116, 2024. (poster, 31 October, 2024, Tampa)

F. Hashimoto, H. Tashima, K. Ote, T. Yamaya, “Synergistic PET-Compton Reconstruction for Whole Gamma Imaging of
Positron Emitters,” 2024 IEEE NSS MIC RTSD, M-08-161, 2024. (poster, 31 October, 2024, Tampa)

F. Hashimoto, K. Ote, H. Tashima, G. Akamatsu, Y. Iwao, M. Takahashi, T. Yamaya, “An Approach to Reliable PET Image
Denoising Using Deep Image Prior,” 2024 IEEE NSS MIC RTSD, M-08-266, 2024. (poster, 31 October, 2024, Tampa)

G. Akamatsu, H. Tashima, S. Takyu, M. Yamaguchi, N. Kawachi, M. Sakai, J. Furukawa, S. Motomura, D. Kim, K. Shimazoe,
S. Kurosawa, F. Nishikido, E. Yoshida, M. Takahashi, T. Yamaya, “Proposal of performance evaluation methods for Compton
cameras,” 2024 IEEE NSS MIC RTSD, M-08-272, 2024. (poster, 31 October, 2024, Tampa)

S. Takyu, K. Matsumoto, F. Nishikido, G. Akamatsu, H. Tashima, M. Takahashi, T. Yamaya, “Positronium Lifetime
Measurement Using a Clinical PET for Quantification of Radicals In Vivo,” 2024 IEEE NSS MIC RTSD, M-08-329, 2024.
(poster, 31 October, 2024, Tampa)

C. Toramatsu, H. Wakizaka, H. Tashima, G. Akamatsu, C. Seki, T. Yamaya, “Utility of Total-Body PET for Range
Verification and Tumor Diagnosis in Carbon Ion Therapy: A Rat Study,” 2024 IEEE NSS MIC RTSD, M-08-350, 2024.
(poster, 31 October, 2024, Tampa)

T. Ishikawa, G. Akamatsu, H. Tashima, F. Nishikido, F. Hashimoto, R. Ota, H. Haneishi, S.I. Kwon, S. R. Cherry, T. Yamaya,
“Simulation Study of a Panel-Type PET Geometry: Effect of TOF and Sensitivity on Image Quality,” 2024 IEEE NSS MIC
RTSD, M-17-069, 2024. (poster, 1 November, 2024, Tampa)

Md Shahadat Hossain Akram, M. Fukunaga, F. Nishikido, S. Takyu, T. Obata, T. Yamaya, “A 4-Channel Microstrip RF Coil
for a 7T Whole-Body MRI to Shield PET-Insert Detectors,” 2024 IEEE NSS MIC RTSD, M-17-099, 2024. (poster, 1
November, 2024, Tampa)

K. Narita, G. Akamatsu, E. Yoshida, H. Tashima, Y. Iwao, M. Takahashi, T. Yamaya, “A One-ring Prototype of the Next
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Generation Hemispherical PET with TOF and DOI Measurement,” 2024 IEEE NSS MIC RTSD, M-17-114, 2024. (poster.
1 November, 2024, Tampa)

- BN Domestic conference (24)

[1]1  AIRE, ABEE, SRR, BARIR, HESRE, RAM, IWARE, PAFHHE, "iif A4 8 PET [Scratch-
PET) 7 7 ¥ b L& W ERIMGE," EAHBBIFSMDERBEBGRLIE—E - 2T 4 IA A= 0 e
74— L(JAMIT 7 1 2T ¢ 7 2024), 25, 2024. (oral, 2024/3/3, IHH#BIRFFESRE)

2] BAR=A4, KFEAYE, HERE, SRR, ABIEE, BEET, A2, "Deep image prior (I AFEFEMEEH
AL TZEETE L D BB/ A RREORR," A E G MI)E A BEABE— « AT 1 LA A
— DU AT +—F A(JAMIT 7 1 25 4 7 2024), 36, 2024. (oral, 2024/3/4, IR IRFFAESEE)

[3]1 WIAFRA, ALK, FRRE, BEIEW, 8302, SR, AT =4, KHRRE, "30-ps TOF %) ﬁ’%ﬁa
MATEEIZ T BT LU PET OEER : 7SRV PET EDA A=V 7 I ab—a v, & 71 BIS A
RPN T RLE, 02-110, 2024. (25a-12E-2, oral, 2024/3/25, BLAUHLH K 5)

[4] HAALK, &\ZKE%PEB ESCE, SRR, B, SEEMT, ILARE, "BWEFEMC L DKERT T Y
JIVOE R BRR PET 2EiE & W2 E8R 5 71 DG Y E R & A iraim il TR, 02-111, 2024, (25a-
12E-3, oral 2024/3/25, HAEHSTIRT)

[51  AJIRYE, JREsW, GREREsse, KA, BATIL, AHma], MM, BRF5r, A 5IKE, mERY, &H3E, /M
AR, IIAZE, "QST D &R - &/ fiEes - KELE - v PET 24 : Mirai-PET," JSMI Report, Vol. 17, No.
2,p. 124,2024. (55 18 [EI H Ay A A — 2 0 VRS - FHIES, ID-65, poster, FILEBRALUAR - 77 AL,
2024/5/23)

[6] sHhEth, HAAIK, EwdAd, BHSTH, RRRL S CE, IWARY, "R H Whole Gamma Imaging 257 0
VI ab—3 g VR 43 [\ HAE G TR REEE, pp. 264-265, 2024. (%5 43 8] A i T2
2R4:, OP17-3,2024/8/7, —Hfak %, oral)

[71  AJIRPE, AREaml, HEEH, #P30Z, mﬁ%ﬂl% WA=, KERE, AR, "wfhs kL8 PET O
X2 b—3 a3 TOF Gpfifee & BB SRS AT T 5288 5 43 Bl H ARE MG Lya RaPidE, pp. 266-
267,2024. (45 43 [0 H A i T%5 K42, OP17-4,2024/8/7, — a4, oral)

[8]  RRHEAKK, FREARI, HFHIEE, BEXY, HBKE, &SGR, ILARE, "TOF-DOI M2 A 7o ek
SHIB PET 25 1 U o VB OIS, 4 43 [0 H RE B LA RS, pp. 268-269, 2024. (35 43 A1 H K
= F i 1% K%, OP17-5, 2024/8/7, — a4, oral)

9] HERH, SATE, kE7 7 74, HB&E, M|, HanGyuKang, #7302, B, KBEHFZ, DNEE
&, AR, "OpenPET #)0 TR T-HR 2N ATRIREEARIG " 45 43 [0 B A E FH li{g T %5 R, pp. 270-271,
2024. (5% 43 [0 B AE g 55 KE, OP17-6, 2024/8/7, #%u%g@, oral)

[10] HAATAL, HEXRH, M, BT, AFver, B8k, IWARE, "B PET 12X 2K FHRIBROIRRZ)
REe=F U U 7IEOBRI," PET ¥~—1& I 72024 in = P8, p. 81, 2024. (2024/9/1, —%{HM 2-8, oral,
online)

[11] FWRTi, B, WRE, 2, BT, AR, B, ILERE, “BER HHIEEORERGE
PET ([C L DIEBZBroEEN: « 7 v NEIEFER,” % 85 BS AWM RS ERINHEKS, 18a-D62-4, 2024.
(2024/9/18, oral, K * v &)

[12] Han Gyu Kang, Hideaki Tashima, Taiga Yamaya, “Design of a sub-0.5 mm resolution mouse brain PET,” %5 85 [R])i
WY PREASTA TR AT 2, 18a-D62-5, 2024, (2024/9/18, oral, RE A v 1)
[13] Md Shahadat Hossain Akram, Fumihiko Nishikido, Sodai Takyu, Hideto Kuribayashi, Takayuki Obata, Taiga Yamaya,

"Design of a tri-modal imaging system combining PET insert with proton ('H) and sodium (**Na) RF coils for a 3T clinical
MRI system," 2f 52 [B] H ARREK IS & 22 K4, PS2-29, 2024, (poster, 2024/9/21, iR A v &)

[14] Md Shahadat Hossain Akram, Masaki Fukunaga, Fumihiko Nishikido, Sodai Takyu, Takayuki Obata, Taiga Yamaya,
"Feasibility study of a 4-channel microstrip RF coil for a PET insert at a 7T whole-body MRI system," 5 52 [A] H Afg 5
LN PE S8 o4 PS2-45, 2024. (poster, 2024/9/21, FEiE A v &)

[15] EiESEfn+, SRR, 5B IEE, BB, ILARE, "~V Ay MUPET ([Z XD R D7 I v A K PET #xfg,"
FEIE 2, 61 &, Supplement 7, S154, 2024. (4 64 [A] Elzfxif*lz AR SS, oral, 1-MO07-5, 2024/11/7)

[16]  HARIK, A, $730Z, Sl BEBEY, miiEmr, IIARE, "R PET 2£E& Vrain & V7oK
b=y AHBMGRE  ARNT OAVEHEZ B LT BEZ, 61 %, Supplement 7, S171, 2024. (% 64 [A1H
AMEE F 2 FHe 42, oral, 2-MO24-1, 2024/11/8)

[17] HBIE, \ERTE, F 7 27 7 A, SBIEE, R, Han Gyu Kang, $77 302, Bk, KEH2, NEEE,
4282, "OpenPET ﬁf’?%%ﬁ:iéﬁﬁ%ﬁﬁ: BRI A A=V 7 BRIRRBR OB, ZIET, 61 &,
Supplement 5, S171, 2024. (55 64 [a] H AMZE F2 7R LS, oral, 2-M024-2, 2024/11/8)
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IR TRE, FINREE, AR MBS, 7302, SEEf T, MART=4, KERE, PAFHIE, Sun Il Kwon,

Simon R Cherry, "30-ps TOF W ERES FIRRIC T 28T LWV SR AV PET 2EED T I = L —3 3 VIR EE

¥, 61 %, Supplement =, S171, 2024. (35 64 [B] H AAZE T2 7R, oral, 2-M024-3, 2024/11/8)

EAEIERN T, SR SUE, RN, B, A BKE, B, ILARE, 3T MRI | RF =4 L—{&% PET
[Add-on PET] FA/EHEIC L D HIDERARGER," BZIE, 61 %%, Supplement %5, S171, 2024. (5 64 [B| H AZEF 25

fikas>, oral, 2-M0O24-4, 2024/11/8)

AEARI, S5 HIEE, HEBIE, BB, BBKE, SBEMF, (LAZRE, "TOF-DOI B A H#s & v 7z

SHERPET 1 Y o Z3AMERE DO BT, IEE, 61 %, Supplement 5, S171, 2024. (55 64 [B] H AMEE A4S, oral,

2-MO24-5, 2024/11/8)

RCEEARK, FREARI, BB, SBKE, HFHEIE, @GR, ILERE, "R~ Ay M PET B O

PR E ORI, BEZ, 61 %, Supplement %5, S171, 2024. (55 64 [0] A AR E F & 24, oral, 2-M024-6,

2024/11/8)

FNRTE, AR, GHEREEET, KA, BITIL, A, MPNFE, BRT5 5, & 0IKE, BB, 5H3EE, M

AHR, AT, "EIRAE < IAHLEF O ATHRAL B ) DOUTOF-PET #4& Mirai-PET) OVERERIM," 45 44 0]
H A E FH M P e IR 2, 1-TO09-1, 2024. (oral, 2024/11/7)

TREAEZR, FREARI, BB SR, BB, BERY, @i, ILERE, SR, "Zr ORI PET O

W & E BRI 2 D58 5 44 [B] B ARBEE L BIR PSR FIRKES, 1-TO07-4, 2024. (oral, 2024/11/7)

HAATAL, W35, MBS, ML, BT, B8, (WARE, "k 8 ER T 2 58 T iR o3

U IS X D EE2 W o RTEEr: © T > MERE" AR RIERYSE 37 B0 RS #OCE, pp. 449, 2024,

(poster, P14-2, /N3 7 ¢ fifils /) — %, 2024/11/21)

1.5 % Workshop presentations (38)

(1]

(2]

(6]

[7]

WBRE, " A= 2 TR gE )~ U — AAC PET A58 2023," RIIAC PET AfF5E2% 2024, 2024/1/20 (~/VH
— L \E D).

HARIKR, MIHEA, WG, 87302, MAMR—R, BHERY], R, MRS, EEEE, &k,
IR, "I-124 O FE PET ~OF|HATRENE" 40 B 7 by « V474 Y h—7"k % —(CYRIC)
S [FIFI AR ZE R SRR 22, 2024/3/11. (ALK, online poster)

Go Akamatsu, Eiji Yoshida, Shigeki Ito, Hideaki Tashima, Sodai Takyu, Han Gyu Kang, Fumihiko Nishikido, Fujino Obata,
Miho Kiyokawa, Hidekatsu Wakizaka, Kyoung Jin Kim, Kei Kamada, Akira Yoshikawa, Miwako Takahashi, Taiga Yamaya,
"Compton imaging performance of WGI prototypes," LMU-QST joint workshop, 2024/3/19. (LMU, hybrid)

F. Nishikido, S. Takeda, T. Kikuchi, H. Tashima, M. Suga, T. Takahashi, T. Yamaya, "Si-WGI: Si detector prototyping and
system simulation," LMU-QST joint workshop, 2024/3/19. (LMU, hybrid)

Sodai Takyu, "Positronium life time measurement study for nuclear medicine applications," LMU-QST joint workshop,
2024/3/19. (LMU, hybrid)

Taiyo Ishikawa, Go Akamatsu, Hideaki Tashima, Fumihiko Nishikido, Fumio Hashimoto, Ryosuke Ota, Taiga Yamaya,
"Imaging simulation of dPEL" 6th SNU-QST Workshop on Nuclear Medicine Imaging Science and Technology, 2024.
(2024/5/15, oral, SNUH)

R. Ohashi, S. Takyu, S. Ito, M. Takahashi, T. Yamaya, "Forceps-type mini-PET," 6th SNU-QST Workshop on Nuclear
Medicine Imaging Science and Technology, 2024. (2024/5/15, oral, SNUH)

Kurumi Narita, Go Akamatsu, Hideaki Tashima, Yuma Iwao, Eiji Yoshida, Miwako Takahashi, Taiga Yamaya, "Simulation
design of a high resolution brain PET," 6th SNU-QST Workshop on Nuclear Medicine Imaging Science and Technology,
2024. (2024/5/15, oral, SNUH)

Taiga Yamaya, "PET physics innovation being made at QST," 6th SNU-QST Workshop on Nuclear Medicine Imaging
Science and Technology, 2024. (2024/5/16, oral, SNUH)

Hideaki Tashima, Chie Toramatsu, Akram Hamato, Yuma Iwao, Go Akamatsu, Han Gyu Kang, Fumihiko Nishikido, Minoru
Tajiri, Hideyuki Mizuno, Masashi Koto, Taiga Yamaya, "First clinical results with OpenPET at HIMAC," 6th SNU-QST
Workshop on Nuclear Medicine Imaging Science and Technology, 2024. (2024/5/16, oral, SNUH)

Han Gyu Kang, Hideaki Tashima, Hidekatsu Wakizaka, Fumihiko Nishikido, Makoto Higuchi, Miwako Takahashi, Taiga
Yamaya, "Submillimeter resolution PET for mouse brain imaging," 6th SNU-QST Workshop on Nuclear Medicine Imaging
Science and Technology, 2024. (2024/5/16, oral, SNUH)

Go Akamatsu, Eiji Yoshida, Shigeki Ito, Hideaki Tashima, Sodai Takyu, Han Gyu Kang, Fumihiko Nishikido, Fujino Obata,
Miho Kiyokawa, Hidekatsu Wakizaka, Kyoung Jin Kim, Kei Kamada, Akira Yoshikawa, Miwako Takahashi, Taiga Yamaya,
"Initial results of a new whole-gamma imaging system," 6th SNU-QST Workshop on Nuclear Medicine Imaging Science
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and Technology, 2024. (2024/5/16, oral, SNUH)

HIA T, 11828, Akram Hamato, Han Gyu Kan, H/ARBIR S0, EHEE ", HEEH, TEE, BkF i,
YR, FREER, "ERFRRREE A A — 0 7 D= OpenPET BB ICR+ 2 HFFE (23H285)," 2023 4F
& HIMAC L RIF A SEAR R R 23, 2024/6/3.

A B, Han Gyu Kang, SR THL, [WAZRE, "BERE/ NS PET DE T A r v I ab— g 2," 61
7 A Y h—"7" - FHRIFSER3RS 2B16-21-03, 2024. (2024/7/4, oral, A AFFEARNKAR)

FNKEE, AR, JHERESRD, KRR, BATHL, kT, MMM, BIRFR, HR TR, SHEKE, HERH,
HHHE, FAMCE, LARRHE, "Mirai-PET:~ 7 A2 bV E T D QST FOE /3 fifhE PET,"45 19 [8l/@h4)
A L ERA A=V THIFES:, 2024, (oral, HUERLKREH S ¥ 78K 2024/9/7)

FNKEE, AR, SHERESGD, KR, BITIL, AT, RPN, BRET, sn Tk, SR KE, HERE,
HHBEIR, MAREE, (WAHRH, "Miri-PET: <~ 7 A0 5L E Tl b QST OB/ fRAE PET," #3K PET Al
e = b s Bench to Clinical 3> 7R ™7 A, 2024, (poster, 2024/10/4, QST)

FCHEIRE, FRRAMI, FHHEZE, HERY, 5 AKE, SEEMT, ILAFRE, "QST Bi%d TOF-DOI i Hi#s 4 Hv
7 PERANEEYES PET 35 1 U > VB UEH OB, K3k PET AlEH e = ~H % Bench to Clinical > > 7
T I, 2024. (poster, 2024/10/4, QST)

A=A, RFEAY, HEBRY, SRR, 55 EE, sEfmr, LARE," B T&E % 572" AIPET B /
A XBREDOZ," K%K PET AlEMZE=> = > h 5 Bench to Clinical 7R 7 A, 2024. (poster, 2024/10/4,
QST)

P SCE, HEMR—ER, BrHRE, HE, Eed, e, sBEsE, LAERE, "Si-WGL ~WGI vV
o B R AR OBIR ~," Ak PET Al&EMIZE = = > bk FfE#+E Bench to Clinical 3/ 7K ¥ 7 A, 2024. (poster,
2024/10/4, QST)

A, HARIK, BWAE, BEH, FRRR] 8550, I RE, "ERKH Whole Gamma Imaging 3 /E# D
VI ab—a UEEE" Rk PET A&t = L Bench to Clinical > 7R ¥ A, 2024. (poster,
2024/10/4, QST)

Han Gyu Kang, Hideaki Tashima, Hidekatsu Wakizaka, Fumihiko Nishikido, Makoto Higuchi, Miwako Takahashi, Taiga
Yamaya, " 5 0 fEEE/ BN H PET 358 OBR%E," 3k PET AliEM%E == v h HR# Bench to Clinical ¥ >R
T I, 2024. (poster, 2024/10/4, QST)

HARIR, IAGR—ER, @P3CE, HERY, @EEMT, IIARE, "&F PET (Q-PET) ~MEFDOHMTZ
Wra BfE9~," &Kk PET Al&WF7e== v hH[#H+ Bench to Clinical 3> 7R 7 A, 2024. (poster, 2024/10/4,
QST)

Md Shahadat Hossain Akram, Fumihiko Nishikido, Sodai Takyu, Masaki Fukunaga, Craig S. Levin, Takayuki Obata, Taiga
Yamaya, "Add-on PET for different magnetic field strengths of MRI system," A3k PET AliEHF7C—> = b RHE
Bench to Clinical > 7R 7 A, 2024. (poster, 2024/10/4, QST)

PR, FHIEYE, Y, (FPEEED, Han Gyu Kang, HARIK, S8R50, /NEFET, W77, Kyoung Jin
Kim, $fH=E, &), @miEEmr, IWARHE, "WGI4 SilfE#Ic LD ¥Zr a7 b oA A= 7" ARk PET
BERFSE = b R Bench to Clinical 3> 7R ¥ A, 2024. (poster, 2024/10/4, QST)

KIBEKER, HARIK, GHFER, ILARY, "#+5 I = PET o &MEm L% B U2 EEEMF2E," Ak PET Al
e =~ hH#HRE Bench to Clinical 2> 7R Y7 4, 2024. (poster, 2024/10/4, QST)

A B, Han Gyu Kang, #AA T, HEBHRE, ILARE, "EBEEE NP PET DE Ty Ialb—r s
V" RSk PET Al&EWFsE == > F HfE#RIE Bench to Clinical 2> 7R A, 2024. (poster, 2024/10/4, QST)
HESIEH, IEF7 27 7 5, SIATEL, "OpenPET (2 & 5 BRI F-HRIGHE =2 U > 7" 43k PET A&~ = b
HPfEsR 75 Bench to Clinical > 7R 77 A, 2024. (poster, 2024/10/4, QST)

s B, "B PET (KB IEIEOBRZE," Ak PET AlEWFJE~ =~ M ##H4 Bench to Clinical >R D A,
2024. (poster, 2024/10/4, QST)

FNKEE, AR, SHERESGD, KR, BITIL, AT, RPN, BREF, ST, SR KE, HERE,
IR, AR, ILARE, "Mirai-PET: ~ 7 A0 5P/ E TiRiL 5 QST % O & /3R fE PET," OXIDE Workshop
Scintillator Crystals for PET, 2024. (invited, poster, 2024/10/10, A &% A R =T.35)

FCHEIRE, FRIAMI, TS, HERM, S REE, SEEMT, ILARE, "QST B d TOF-DOI ##Hi#s 4 Hv
72 PERIUEEYS PET 251 1 U o 7 3 AE# O BH3E," OXIDE Workshop Scintillator Crystals for PET, 2024. (invited, poster,
2024/10/10, A XA R =T.3)

A=A, RFEAY, HERY, SRR, 55 EE, SEEfmr, LARE," B T&E % 572" AIPET Bifg /
A XBRFEDRFE," OXIDE Workshop Scintillator Crystals for PET, 2024. (invited, poster, 2024/10/10, 4 %41 K& =
L)
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SESCE, HE—ER, BRI, AR, Eed, DB, SBESE, LAERE, "Si-WGT ~WGI vV
o U B R AR OB ~," OXIDE Workshop Scintillator Crystals for PET, 2024. (invited, poster, 2024/10/10, 4=
YA NEBE=T5)

Han Gyu Kang, Hideaki Tashima, Hidekatsu Wakizaka, Fumihiko Nishikido, Makoto Higuchi, Miwako Takahashi, Taiga
Yamaya, " &1 23 fiRGE/ N BN A PET % (& 0O BH%8," OXIDE Workshop Scintillator Crystals for PET, 2024. (invited, poster,
2024/10/10, A FVA R =ZT4)

IR EE, Han Gyu Kang, STIATHL, MEZEN, VAR, "EHRISE/NEY PET OEL T Hn Y ol —y =
A OXIDE Workshop Scintillator Crystals for PET, 2024. (invited, poster, 2024/10/10, 4 ¥4 R =T4})
HSH, 77 7 7 A, BAATEL, "OpenPET IZ X 2 ERFHIGHE =4 U 7 ," OXIDE Workshop Scintillator
Crystals for PET, 2024. (invited, poster, 2024/10/10, & %41 K& =T1)

HARIR, MAGH—ES, A E, HEEY, sEENT, ILARE, "BEFHam L mgt 2 &1 PET DR
9%, Scintillator for Medical, Astroparticle and environmental Radiation Technologies (SMART), 2024, (2024/10/16,
poster, {FHURIR)

HABIR, FAARHE—AR, SEHEh, 87302, AR, H ST, m*ﬁ%fﬂ% IWARE, “H&1 PET: [ELFIS
& B LB HallE,” R FES IR DRI e THEF R L 2 0B Ty~ ],
2024. (oral, FUESRZAEE T IR EWTTERT, 2024/12/14)

FNNREE, FREARI, GHRREED, KA, BITL, AIRF], A, BKF, ABEE, BERY, SB5RE, M
AL, (AR, “EOEEE - INELE - TS o/ B DOI-TOF PET %4 (& Mirai-PET OBR%E,” 9 2 [H15%4
i RIFIHMFTE S R T A, 2024. (poster, 777 > 7 1 2 kKK, 2024/12/13)

1.6 %58 Patents (11)
- A Application (5)

WA=, KPAYE, WARE, SBEMT, "HGAHREE S L O WG B k" KA 2023-220883,
2023/12/27 HiFE. (Q20348JP)

FEEET, WARE, "V TFlL—Fa=y %&U?ﬁ%ﬂ%ﬁuﬁ”” " KFRE 2024-005149, 2024/1/17 HiFE. (Q20345IP)

A=A, KTPAE, IEEW, IWARE, “WREERCEE, mg R TR L OB ERE v 27
27 HERE 2024-137610, 2024/8/19 HIFE. (Q20380JP)

HHEE, WARE, “CrFL—F7 LA SR EERE | RO E i B iR 258, FHiE 2024-204944,
2024/11/25 HIRE. (Q20390JP)

A B, BB, AR, "HGERCEE ., BRSO IE, BB T 0 7T A B X OGREBHR," R
2024-207903, 2024/11/29 HFE. (Q20392JP)

- &4§% Registered (6)

FrHSZE, HERY, (LARY, "BEFIRGISE," FrEFH 7437050 4, 2024/2/14 8%
Eiji Yoshida, Taiga Yamaya, "RADIATIONPOSITIONDETECTOR," US11,982,777B2, 2024/5/14. (Q20130US)

Md Shahadat Hossain Akram, /NEFETT, IWARE, "HEHREERIL=2 = v bR OBEBBHIST Y 2 — 0" TS
7523144 £, 2024/7/18 %%, (Q20141JP.1)

HE S, IARE, "EREGAIEEE oL a—F 70 7T AR OEESSERE" ¥ 7549383 5, 2024/9/3
Bk, (Q20157JP.1)

FREE 7, IWARE, “BRRHE, Yo FL—Fa=y b EARER, KOV FL—Fa=y boRl
IR, REREES 7584141, 2024/11/7 %$%. (Q20200]P)

Md Shahadat Hossain Akram, /N&FETT, ILARE, "vA 7 a0 A N v FRE#T LA RF 21 /b, RF ¥ —/L N
. RO, RF AV - G RREER AL E — RBT S 2" BEFFES 7592277, 2024/11/22 %485, (Q20065P)
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2. RBRERGEE~DEY A Outreach actions
21 R EDHE Hosted workshops (4)

[11  IURFRYE, BEEMF, BEEY, FREL KEE E2, TR PET #FFE2 2024 % T4, 2024/1/20 (-1 —
JVNEN) (BINEEGE 110 4, 5 BINIE 68 £44)

[2]  Taiga Yamaya, Jae Sung Lee, #f7E% “6th SNU-QST Workshop on Nuclear Medicine Imaging Science and Technology”
% T/ (2024/5/15-17, Seoul National University Hospital) (B3 50 44)

[3] Hidehiko Okazawa, Taiga Yamaya, organizers of “CE46: A New Era of Brain-Dedicated PET Systems” at SNMMI2024.

[4] IUBFRAE, SRR, MY, KEE &, TRk PET AIEMFE== v - FR# 5 Bench to Clinical > > KT
L &, 2024/10/4. (QST THE, HMIBINE 63 4 +4 > T 4 U BINE 32 4)

2.2 + =+ —F# Hosted seminars (0)

2.3 #REZHAR Annual report publishing (1)

(11 WA W, KA PET AF7E8E 3 2023,”  QST-R-30, 2024/1/20.
https://www.qgst.go.jp/uploaded/attachment/39799.pdf

2.4 #5% Review articles (12)

[1] Fumio Hashimoto, Yuya Onishi. Kibo Ote, Hideaki Tashima, Andrew J. Reader, Taiga Yamaya, "Deep learning-based PET
image denoising and reconstruction: a review," Radiological Physics and Technology, 17, pp. 24-46, 2024.

2]  ZRERR, HEZRE, "BESEHA A —T U 70T S E MR LR L OVE & RE S O HEL - 30—
Medlcal Imaging Technology, Vol. 41, No. 3, pp. 97-98, 2024.

[3]1 kR, WSS, BARIR, AT, WA AR, W, B, BIREK, WL, ARER, 85
Z, SHEE, SEEMT, ILARE, "ERHa T MR T 0 %ﬁmﬂﬁ&mﬁﬁ%ﬁ " Medical Imaging Technology,
Vol. 41, No. 3, pp. 117-123, 2024.

[4] EEERT, WARE, DA, BIEERN, fiNMiL, THEE, "BkEZE 4 B g L7- SPECT to PET O3 ,"
RADIOISOTOPES, 73, pp. 109-116, 2024.

[5] @EEmF, SRR & BEE, AT, HARIK, EHIEE, IWARE, "Mk~~~ A v Ml PET
X2 9 LT L7z BREZE S, Vol. 57, No. 2, pp. 21-24, 2024.

[6] MBI, @Gk, HARAIK, #REA] Han Gyu Kang, S5 302, & HSElh, IWARE, "BETFOR LU HEK
%) 0 B < Whole Gamma Imaging," E&RI%E %, vol. 57, no. 4, pp. 53-56, 2024.

[71 BT, "R REF S ORKIIEAY LSRR OARKREIL D32 TV D" R, AT 50 A4
FLARFE R, pp. 14-18, 2024,

[8] Eiji Yoshida, Taiga Yamaya, “PET detectors with depth-of-interaction and time-of-flight capabilities,” Radiological Physics
and Technology, 17, pp. 596-609, 2024.

[9] H. Tashima, T. Yamaya, "Three-Gamma Imaging in Nuclear Medicine: A Review," IEEE Transactions on Radiation and
Plasma Medical Sciences, VOL. 8, NO. 8, pp. 853-866, 2024.

[10] I ZE, HERM, R\, @SEERF, "HRYI~L A > NIGEE PET [Vraing OHINAIRE &R REE"
INNERVISION, 39 %, 11 %, pp. 43-45, 2024,

[11]  HEZE8, "PET # 7. PET BI{G AR OBES," H ABU SR AN MEwS, 80 &, 5 5, p. 565-573, 2024.
[12] MEAR=/E, "PET fm 8. Al Hi{&FHERL DML AT, H AR BREIN 2 HERE, 80 &, 6 5, p. 679-685, 2024.

2.5 % - #BE Lectures (27)
sV URDHOLEITEITAIBEHEE Invited talks at symposium (21)

[1]  @&EF+, “PET. SPECT |Z X% Epilepsy imaging : BUIk & #77272 PET @I L 2B, H26 M AARE MK
FERE~ v B2 752, 2024/2/24.

[2] A HE, “Hal Anger B BAFRIGHIH Bx OREEEFIZ v FL—ZIZodo>TWb 1) EFHLF PET 7+
— 7 L, 2024/4/19. (*ﬁﬁ?;itv*w\L&*f?X&Uﬂ

[3] HAALKR, “BBEFOHEMEEGIT D [EFPET),” % 664 BIEIETA— 72 & I F—(V $—F),2024/5/16.

[4] Han Gyu Kang, Hideaki Tashima, Hidekatsu Wakizaka, Fumihiko Nishikido, Makoto Higuchi, Miwako Takahashi, Taiga
Yamaya, "Submillimeter-resolution PET for rodent brain imaging," JSMI Report, Vol. 17, No. 2, p. 56, 2024. (5 18 [a] H
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(3]

(6]

(7]

(8]

(9]

[13]

[14]

[15]

[16]

[17]

(18]

[19]
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Koy A A=V v VSR - RS, S-10, invited oral, B ERRAITEE - 7 7 VAL, 2024/5/24)
Miwako Takashashi, "Clinical Impact of Brain-Dedicated PET" CE46: A New Era of Brain-Dedicated PET Systems,
SNMMI2024, 2024. (Invited, 2024/6/10, Toronto)

Taiga Yamaya, "Advanced Seated-Brain PET Systems and Session Summary," CE46: A New Era of Brain-Dedicated PET
Systems, SNMMI2024, 2024. (Invited, 2024/6/10, Toronto)

AR, "EEFHIRORE L RA," & 61 B A Y F—7 - BEBIIERRS SVt BEF A2y,
2024/7/5. (A ABFFARKAR)

BGER T, "R OMBE L BE," B 61 [E7T A Y h—7 AR RS SR ViR BEFEY A 2,
2024/7/5. (A AR KAR)

Sodai Takyu, Ken-ichiro Matsumoto, Fumihiko Nishikido, Hideaki Tashima, Go Akamatsu, Miwako Takahashi, Taiga
Yamaya, "Positronium lifetime measurement using a clinical PET system for biomedical applications," JS2024: 5th

Jagiellonian Symposium on Advances in Particle Physics and Medicine Book of Abstracts, pp. 95-96, 2024. (invited talk,
2024/7/2, Krakow)

Taiga Yamaya, "Bench-to-clinical research on novel application-specific PET systems," JS2024: 5th Jagiellonian
Symposium on Advances in Particle Physics and Medicine Book of Abstracts, pp. 109-110, 2024. (key talk, invited, 2024/7/7,
Krakow)

HERY, “BEMEGLIF AN F7y 7 M) F=2— Y 70 Part], BEFEE - 10 FROMER” 543
o] HACEE g T2 (JAMIT) K2, 2024/8/5.

FRASH, "PET HREHMEFEFRAE FRAED)Z 5RO AR A > b," PET ~—%& 25 —2024 in @t #EEE, p. 68, 2024,
(2024/9/1, invited, oral, online)

FRAARI, "SEE 2 ERT PET 251 VRAIN O 3 > 1" PET ¥~ —1& 2 F7—2024 in @&fs #08R4E, p. 75,2024. (2024/9/1,
invited, oral, online)

IARE, SEEFF, HERY, 5HIER, HRTE, R, $5Z, 57 27 7 4, Han Gyu Kang , FH/AH)
K, B HEKE, BERES, SkBE, &%, PaBm, wed, IR, afFEs, S —, I8 30 B
PR HRLRER)  (EEIS B O %EE « HHH) PET 2518 @ Bench-to-Clinical #FJE,” %5 85 [Hl& 4B
EEFK LTS, 182-D62-6, 2024. (2024/9/18, invited oral, 4 2 » &)

IAZRE, “AKPET AEATJE~ = v biPRIEBIZE,” Ak PET AETZE~ = » I Hfil#R & Bench to Clinical
TR TY T A 2024, (invited, oral, 2024/10/4, QST T-3E)

Go Akamatsu, "Commercializing helmet-type brain PET systems," [ HUR#REH: & 2 DIGH | 5 3 BIFFE4, 2024/10/7.
(BEEIANKT/L=HA)

Hideaki Tashima, "Therapy monitoring technologies utilizing nuclear medicine imaging," [dHREIS & ZDISH ] #
3 [EIFSE LS, 2024/10/7. (FEESA /SF TV =HA)

IWARE, “PET OERKIIT > F L —XIThrh>TW5b !,” OXIDE Workshop Scintillator Crystals for PET, 2024.
(invited, oral, 2024/10/10, A XV A R =T4H)

Sodai Takyu, Hayato lkeda, Hidekatsu Wakizaka, Ken-ichiro Matsumoto, Fumihiko Nishikido, Hideaki Tashima, Hisashi
Suzuki, Yoshihito Funaki, Hiroshi Watabe, Miwako Takahashi, Taiga Yamaya, “Positron annihilation lifetime measurement
with TOF-PET detectors: feasibility of Todine-124 use,” %5 64 [0] A AKZEE 224 2, AW-04, 2024. (invited, oral,
2024/11/7)

Taiga Yamaya, “PET Physics - Current and Future Prospects,” International Training Course on Carbon Ion Radiotherapy
(ITCCIR) 2024, 2024/11/12. (QST TIE)

HBIKE, “T /8 AL AD PET RENTIE D FFTBIN,” 55 14 BIREAEGIFATITIES, 2024/12/14. AR
KB > 78 R)

- 8% Educational lectures (6)

(1]

—_ —
AW
—_ =

WA, EHEEMF, R, 887 3CE, Han Gyu Kang, RAAIK, & MG, MR, AR, BEEA0
S, HIRTEE, AHEE, BART =4, GRS, "RGRRE T2, THERPZRZRLH#SR, 2024 FEaiHEE A E
16:10-17:40

IWAHRE, “@REHFLSOFER L BIETRSE - e, TR STFIMEP 2RE 2 FHERETE, 2024/7/4.
HHIR, “BEFES 520 BIESYELD— X 2024/7/11.

Taiga Yamaya, "Development of PET scanners for molecular imaging research," HAL K% /1A A — v 7R,
2024/7/12. (online)

B TR, B BRI B D D EE S L WFJER ™, R ER R ERFH AR R R B,
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2024/10/8.
[6] ILAZRE, “Future PET instrumentation,”  JUMNREERAEBEE RPN 20 TAHEBEI{E R 254, 2024/12/23.

2.6 &Z Book chapters (0)

2.7 FLR - [REWIBE Public relations activities (2)

[1] “QST MK MEAL PET #7242 2024 % Bife LB OBFIERA%E 2 4, innavi net 483, 2024/1/26.
https://www.innervision.co.jp/report/usual/20240301
[2] “QST 23K AR PET #1524 2024 2B L. D~V A v N PET 38 O m fifee(b 72 & e OO 5 %

#75,” INNERVISION, 39, 3, p. 84, 2024

2.8 HE7 £ Exhibition (1)
[1] QST TIEMX %R THFFE=R /AR, 2024/10/27.

2.9 TOHIREE Other reports (0)
2.10 @5 47 X xR Foreign guest scientists (2)

[1] 2024/8/28-10/26 Prof. Craig Levin (Stanford University)
[2] 2024/11/6 Profs. Axel Rominger, Kuangyu Shi (University of Bern)
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Lab tours for visitors (60 tours, 664 guests)

Date Tour name Guests
2024/1/25 5 124 [BlAH BE ERRE 30
2024/1/29 Alberta Minister of Jobs, Economy and Trade, Mr. Matt Jones 8
2024/2/1 THERFRFBERA B AR 11
2024/2/14 Institut quantique - Université de Sherbrooke, Directeur Exécutif, Dr. Christian Sarra-Bournet, et al. 17
2024/2/26 — % R 13
2024/2/28 — % R 8
2024/3/6 B 1A QST T RAAF Y —H U VR 1
2024/3/15 B 1E QST RAA YU —h IV B 9
2024/3/18 — RS 18
2024/3/22 BRI T m S P B PR R 1
2024/3/25 SRR FARIERR R E R A Ok 3
2024/4/9 KI5 H S S AR B R K HBF AR 3
2024/4/11 Eulji University, Prof. Chanrok Park 4
2024/4/24 SCHRHEA VIR R & Pt S B A 1LIR & =R 5
2024/4/25 RSB R & P B i B SE i 5 AT SR BT iFHE 2E (i BB EE) Dr. Ngeth Sokraksa 1
2024/4/25 =F F RERFEEALE AEZEERk 6
2024/4/25 PEEE MR AT I v — kR E IEAEE 1
2024/5/8 — % R 20
2024/5/20 — % R 15
2024/6/5 Compal Electronics Inc., Catcher Technology Co. Ltd., APRINOIA Terapeutics Inc. 7
2024/6/17 — RS 6
2024/6/19 FRE A R TR (R BR 5
2024/6/21 )1l T &2 PTA BHHERTT 18
2024/6/24 — % R 14
2024/7/1 ARG beak B & R AR, ikl R %F Tk, RaEbikB = v WRER, Kbk R 13

EMEECE TR, REBNGER MoTREsE 1T
2024/7/17 — R 30
2024/7/25 FRIN THBURF BAfRE 14
2024/8/7 — % 7 9
2024/8/8 5125 Bl Al B G R 16
2024/8/9 SCHVEL R WRSEIRBLE L - JLBAFSeE BT HEESR =R B B8 2
2024/8/19 Lo m R HE 3
2024/8/21 SCERRE R B LR R 10
2024/8/26 — R 19
2024/9/4 R T AR ANFEAE 6
2024/9/4 SGHREHFA R EEANT - SAITBORAESEET (NISTEP) 5
2024/9/9 — % R 18
2024/9/12 5126 [BACH B G R 30
2024/9/18 — R 8
2024/9/30 — R 5
2024/10/3 MA~F U —fkEttE 1
2024/10/4 AR PET A&t = v M HHRIHES B2C AP U A 14
2024/10/7 TRt & 2 olsH ) WS 20
2024/10/7 (Eall I e ey AN 4
2024/10/7 — R 11
2024/10/9 — R 13
2024/10121 | —RLF 20
2024/10/21 | Z[ERAEAERITR 8
2024/10/25 | BATBE EBUS MIREREEG ERLSAHE - EREEES 4
2024/11/6 FHMUZENFTC B AR I B 1T 32
2024/11/6 U. Bern , Profs. Rominger and Shi 2
2024/11/12 | ITCCIR WHEE 40
2024/11/13 | —%RLF 10
2024/11/14 | 55 127 [AIHUH G e A2 30
2024/11/20 | University of Montreal, Prof. Hugo BOUCHARD 1
2024/11/27 | —fRRE 4
2024/12/9 — R 9
2024/12/9 BT GEEE - EIEREAER DA - ERRE 10
2024/12/16 | Seoul National University, Prof. Jaeman Son 1
2024/12/16 | —i% R 11
2024/12/18 | Tatung Company 7
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3. S ERETMEE (B2 Awards (19)

(1]
(2]

(3]

[4]

(5]

[6]

[7]

Fl AR, TIERFAERT R BT i SCH, 2024/2/14.

HARIR, A ENEA B LI E 2023 42EE55 55 (518 H5EEh4, 2024/3/4.
https://www.qst.go.jp/site/qms/news240306.html

Hideaki Tashima, “A preliminary report of the first clinical study of OpenPET: in-beam range verification for carbon ion

therapy,” the 3rd International Conference on Radiological Physics and Technology Certificate of Merit Award, 2024/4/14.
https://www.qgst.go.jp/site/igms/news240509.html

Taiga Yamaya, “Dual-panel PET system to be enabled by 30-ps super-fast detector: a preliminary simulation study,” the
3rd International Conference on Radiological Physics and Technology Certificate of Merit Award, 2024/4/14.
https://www.qgst.go.jp/site/igms/news240502.html

Munetaka Nitta, Fumihiko Nishikido, Naoko Inadama, Yoshiyuki Hirano, Taiga Yamaya, "Discrimination of inter-crystal
scattering events by signal processing for the X'tal cube PET detector," Radiological Physics and Technology Doi Award
2023, 2024/4/13.

IWAZRE, “TEEZSCHYHE] OFE  H35) PET 2:{& @ Bench-to-Clinical 198, It B8 30 B
M E, 2024/5/17.

https://www.qst.go.jp/site/igms/news240924.html

Taiyo Ishikawa, “Imaging Simulation of dPEL” Best Presentation Award in the 6th SNU-QST Workshop on Nuclear
Medicine Imaging Science and Technology, 2024/5/17.

Go Akamatsu, "Zr-89 mouse Compton imaging with the developed next-generation whole gamma imaging system,"
Masahiro lio, MD, Best Abstract Award from SNMMI, 2024/6.
https://www.qst.go.jp/site/igms/news240625.html

Go Akamatsu, "Zr-89 mouse Compton imaging with the developed next-generation whole gamma imaging system,"
International Best Abstract Award from SNMMI 2024 Annual Meeting, 2024/6/11.
https://www.qst.go.jp/site/igms/news240625.html

A ZRE, "R S BIT 2 EERAFTE 3 - BARSIRH L =2, BEREREIIGE S HE, 2024/7/11.
(50,000 yen)

HARIR, « THT PET) OMRYIOIGENIE« FEFEERNE = E, 2024/7/11. (50,000 yen)

HARIR, AiEMENEANRARME 2024 4 RBIASH 7 1 277 & [HEFMIRIE] BIRK. (400,000 yen)
Taiyo Ishikawa, IEEE NSS-MIC-RTSD2024, Conference Trainee Grant, 2024. (580USD)

Kurumi Narita, IEEE NSS-MIC-RTSD2024, Conference Trainee Grant, 2024. (580USD)

Han Gyu Kang, IEEE NSS-MIC-RTSD2024, Conference Trainee Grant, 2024. (580USD)

Nobuyoshi Hosotani, IEEE NSS-MIC-RTSD2024, Conference Trainee Grant, 2024. (580USD)
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