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Taiga Yamaya, Deputy Director / Group Leader (On behalf of the Imaging Physics Group)
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The pressing need for PET innovation and accessibility

Our commitment to PET research is driven by its unique
capability to visualize biomarkers that reflect the upstream
mechanisms of disease. However, the current resolution of
PET is several times inferior to that of CT, and in Japan, the
number of PET scanners installed remains at about one
twenty-fifth the number of CT scanners. At QST, we aim to
advance PET by leveraging Japan’s strength in quantum
science, but there are significant barriers to implementing
research results in society.

One major challenge is that Japan’s uniquely strict regulations
on radioisotopes make PET costly and it is difficult to absorb
these increased costs under the government’s health
insurance system. This business barrier is reflected in the fact
that about 90% of PET scanners employed in Japan are
imported. If the domestic industry does not grow, the vitality of
academia - the source of human resources - will also decline.

There is a critical issue for the public, yet it cannot be solved
by companies or universities alone - breaking this negative
spiral will likely require the involvement of national research
institutes. In this report, we summarize the 2025 achievements
of the Imaging Physics Group, which remains committed to
realizing a future free from the burden of disease.

VRAIN (2019)
Yoshida PMB2020

cLs-7 (2025)

OpenPET/HIMAC (2023)

wal

WGl-2 (2018) WGl-3 (2020) WGl-4 (2023)
Tashima PMB2020  Takyu PMB 2025

N @

SAP-1(2020) SAP-2 (2022) PET/TPEF (2023)
Kang PMB 2021 Kang JNM 2023 Kang PMB 2025

o 2 !i;’-i

= L
TBS-1(2020)  CLS-PET 1 (2021) Mirai-PET (2023)

Kang PMB 2025

WGH1 (2017)
Yoshida PMB2020

HR-PET (2025)
Kang TMI 2025

Animal
PET

Imaging Physics Group. In 2025, two new prototypes were

developed, bringing the total number of innovative devices developed since 2009 to 25.
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VRAIN’s potential uncovered by clinical research

VRAIN is the world’s first hemispherical PET scanner,
in 2022. Compared with
conventional cylindrical PET scanners, it achieves high
sensitivity and superior spatial resolution with fewer detectors.
its top-class time-of-flight (TOF) resolution
greatly contributes to improved image quality.

successfully commercialized

Furthermore,

It has been about two years since amyloid PET imaging and
an anti-Alzheimer’s disease (AD) drug for slowing disease
progression started to be covered by the Japanese
government’s national health insurance. Amyloid PET
diagnosis visualizes the distribution of amyloid-f plaques in the
brain, which accumulate long before AD symptoms appear. It
is highly useful for earlier diagnosis of AD and differentiation
from other dementias, and is indispensable for determining
when to start treatment and for evaluating therapeutic effects.

In an amyloid PET clinical study targeting patients with
suspected mild cognitive impairment, a case judged negative
by conventional PET was found to be positive with VRAIN.
Amid strong nonspecific uptake in the white matter, it was
necessary to identify deposits in the cerebral cortex, only a few
millimeters thick, and VRAIN was able to demonstrate its high
potential (Miwako Takahashi, p. 13).

However, even excellent scanner resolution is meaningless if
the head moves during imaging. This is why motion correction
technology is essential. We have successfully developed an
accurate and fast motion correction method that requires no
external motion sensors (Yuma lwao, p.19).

o——— m—»m

18E.Florbetapir
(370 MBq)

T1WI MRI Centiloid score = 47.9

Centiloid score = 29.7

15 min VRAIN
with motion

Software-based
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Figure 2 An amyloid PET study (left) and the development of a motion correction method (right) for VRAIN, the world’s first
hemispherical brain PET scanner. VRAIN detected tiny amyloid deposits in the thin cortex that were not visible with a
conventional whole-body PET scanner (GE Discovery MI). Furthermore, a newly developed, accurate and practical motion
correction method has unlocked VRAIN'’s full potential, even when patients exhibit substantial movement..
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Pursuing TOF and DOI resolution

VRAIN has achieved a significantly superior resolution of 2.2
mm compared to conventional PET scanners. Currently, with
support from programs such as AMED (scheduled for FY2023—
2027), we aim to achieve 1 mm resolution, which is close to
the theoretical limit for brain PET. This represents a tenfold
improvement in volumetric resolution.

Our first approach was to use a finer scintillator pitch, as
scintillators act as gamma-ray detectors. However, to capture
gamma rays that easily penetrate the human body, the
scintillator must be sufficiently thick. This thickness, in turn,
reduces detection accuracy for obliquely incident gamma rays.
The technology that addresses this challenge is depth-of-
interaction (DOI) measurement within the scintillator.

We have developed the crosshair light-sharing (CLS) detector
that incorporates both TOF and DOI measurement capabilities.
This year, a prototype brain PET scanner using CLS detectors
was completed, and 1 mm resolution was successfully
demonstrated (Kurumi Narita, p. 23). In parallel, we have
begun exploring the application of CLS detectors to whole-
body PET systems (Mizuki Furuta, p. 27).

The practical implementation of CLS detectors is already
underway in the dedicated animal PET scanner “Mirai-PET,”
which has been used to demonstrate the effectiveness of TOF
and DOI measurements even in monkey brain imaging (Taiyo
Ishikawa, p. 29). Regarding TOF resolution, we have initiated
fundamental research aimed at further improvement (Yuya
Onishi, p. 33).
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Figure 3 The high spatial resolution of 2.2 mm achieved by VRAIN (left) is surpassed by the crosshair light-sharing (CLS)
detector, which combines time-of-flight (TOF) and depth-of-interaction (DOI) measurement capabilities with a finer scintillator

pitch. The developed prototype (CLS-7) demonstrated 1 mm resolution, approaching the theoretical limit for brain PET (middle).

The CLS detector has already been implemented in a small-animal PET scanner, Mirai-PET, demonstrating the effectiveness of

TOF and DOI measurements even in monkey brain imaging (upper right). Further improvement in TOF resolution is expected, for
example, by resolving scintillation light into individual photons (lower right).
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Development of WGI and its extension to Q-PET

Although Compton cameras, which determine the incident
direction of a gamma ray on a cone surface based on a
scattering event, have been studied for medical applications
for years, they have not yet been put into practical use. We are
developing a novel approach called Whole Gamma Imaging
(WGI), which combines Compton camera imaging and PET.

Specifically, we add a scatter detector ring inside the PET
detector ring to detect scattering events. One of the target
positron emitters is #Zr. Its long half-life of about three days
makes it suitable for antibody-based PET tracers. Since #Zr
emits 909 keV gamma rays at a frequency about four times
higher than that of positron emission, we image these gamma
rays using the principle of the Compton camera.

This year, using the fourth WGI prototype, we performed
imaging of a multiple myeloma model mouse administered with
both '®F-NaF and a 8Zr-labeled anti-CD38 antibody drug, and
demonstrated that the distributions of the two tracers could be
separated from simultaneously acquired data (Go Akamatsu,
p. 37). In parallel, we developed an image reconstruction
method optimized for WGI (Hideaki Tashima, p. 41), and
designed two clinical WGI systems each for whole-body and
brain imaging (Mizuki Miyahara, p. 45; Ryogo Abe, p. 49).

In the future, if radionuclides such as “4Sc, which emit gamma
rays simultaneously with positron emission, become available,
WGI could also measure positron lifetime. We have named this
approach Q-PET, which aims to visualize positron lifetime as a
novel biomarker. This year, we developed a system to
experimentally measure the relationship between disease
state and positron lifetime (Sodai Takyu, p. 53).

Iterate 1-3 steps

PET detector

waGl
3mm
PET mode Compton mode
(909 keV)

Outer 1020 mm

Inner 540 mm

Subtraction
(PET - Compton)

PET Compton
(909 keV)

#Zr-anti-CD38- *9Zr-anti-CD38-
antibody antibody
&

Multi-isotope imaging demonstration

[compton T Updated
events | 3 MAP-EM | Compton image

Proposed synergistic WGI reconstruction

Ring For 909 keV For 141 keV
diameter whole body brain

Compton imaging simulation

Designing clinical WGI systems

750 mm

220 mm

2 regions

10823 12697

[Events]

0123 45867

012345867
X

Gamma-ray beam-based positron lifetime imaging

Figure 4 Simultaneous PET and Compton imaging were demonstrated using the 4" Whole Gamma Imaging (WGI) prototype,
successfully achieving multi-isotope mouse imaging (left). WGI image reconstruction was investigated (upper middle), and clinical
WGI systems were designed (lower middle). An experimental system was tested for Q-PET as an extension of WGI (right).
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Toward the ultimate spatial resolution

We have continuously set new world records for PET spatial
resolution in mouse brain imaging. In 2020, the SAP-1 system
achieved 0.8 mm, followed by 0.55 mm with SAP-2 in 2022,
and this year, the newly developed HR-PET finally realized a
resolution of 0.45 mm (Han Gyu Kang, p. 57).

Furthermore, to address the need for observing PET tracer
uptake at the cellular level, we developed an optical system
that directly detects positrons by fabricating microscope slide
glass from a scintillator material (Fumihiko Nishikido, p. 61).

PET to guide cancer therapy

Carbon-ion therapy, considered the pinnacle of radiation
cancer treatment, still faces an unresolved challenge of
visualizing the in-body range of the therapeutic beam. Accurate
visualization of the beam range would enable reduced side
effects and shorter treatment durations.

The key lies in the small amount of positron emitters generated
by the carbon-ion beam inside the patient's body. We
developed the world’s first open-type PET system, OpenPET,
capable of imaging these nuclides in situ, and we are currently
conducting clinical tests. Regarding the issue of positron
emitters generated inside the body washing out through blood
flow and other biological mechanisms, we are advancing
research to exploit this washout characteristic for tumor
diagnosis (Chie Toramatsu, p. 65).

In addition, PET imaging with preoperative administration of
FDG could assist in diagnosing lymph nodes intraoperatively
before resection. To achieve this, we are developing a forceps-
type mini-PET for surgical guidance (Ryotaro Ohashi, p. 69).
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Figure 5 Two other advanced PET research results: the world’s best resolution of 0.45 mm, achieved by the developed HR-PET
(left), and examples of OpenPET images for range verification obtained during the HIMAC clinical test (right). Among 16 fractions
of irradiation delivered over 4 weeks, OpenPET measurements were performed weekly. The observed changes in washout rate
(d-1 to d-4), calculated from dynamic OpenPET data (c-1 to c-4), may indicate the progress of tumor treatment.
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Success of IEEE NSS-MIC-RTSD 2025 Yokohama

Medical
and Room Temperature

The IEEE Nuclear Science Symposium (NSS),
Imaging Conference (MIC),
Semiconductor Detectors Symposium (RTSD) 2025 was
grandly held at Pacifico Yokohama from November 1 to 8. This
conference is a globally authoritative forum for discussing
nuclear science and its applications in medical imaging, and
the Imaging Physics Group always makes a full-scale effort to
present at it every year. This time, approximately 1,800
participants from 50 countries attended.

This was the first time the conference was held in Japan,
fulfilling a long-standing dream since the start of the bid in
2014. At MIC, co-chaired by Professor Jae Sung Lee of Seoul
National University and myself, 699 abstracts were submitted,
of which 135 were selected for oral presentation. Twelve of
these oral presentations came from the Imaging Physics
Group, representing our global contribution of 12/135, or about
9%.

With the fusion of “nuclear (#)” and “medical ()" - the
conference’s key theme - serving as a beacon of “hope (#F
Z)” to save patients and enable healthy, fulfilling lives, the
Imaging Physics Group will continue to advance its efforts
without pause.

Flgure 6 A calllgraphy work created live on stage by artlsts Kouka Awazu and Kosho Awazu durlng the flrst Japan- hosted IEEE
Nuclear Science Symposium (NSS), Medical Imaging Conference (MIC), and Room Temperature Semiconductor Detectors
Symposium (RTSD) 2025. The piece incorporates elements of Yokohama'’s scenic beauty, while conveying the conference

message of hope through the large Kanji characters for “Kibou” (hope), symbolizing that the fusion of “nuclear” and “medical’” -
represented by two red Kaniji characters, “Kaku” and “I” (pronounced “ee”) - will save lives and promote healthy longevity.
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Imaging Physics Group FY2025

Members (alphabetical)

As of Dec. 31%, 2025

Staff, etc. Visiting Collaborative Researcher
Go Akamatsu Principal Researcher (tenure) Akram Hamato UC Davis, until Nov.
Norio Arai Visiting Researcher Hideaki Haneishi Chiba University

Akram Hamato

Principal Researcher, from Dec.

Mariko Ishibashi

Nippon Medical School

Taiyo Ishikawa

QST Student Researcher

Shigeki Ito

Mirai-imaging Corp.

Yuma Ilwao

Researcher

Kazuya Kawamura

Chiba University

Makoto Kakegawa

Visiting Researcher

Masaharu Kitagawa

ATOX Co., Ltd.

Han Gyu Kang

Senior Researcher

Masaaki Kumagai

ATOX Co., Ltd.

Md Shahadat Hossain Akram

Senior Researcher (part time), from Dec.

Shunsuke Kurosawa

Tohoku U., until Sep.

Kurumi Narita

QST Student Researcher

Yuya Onishi

Hamamatsu Photonics K.K.

Fumihiko Nishikido

Senior Researcher

Kazuhiro Maki

ATOX Co,, Ltd.

Fujino Obata

Technical Staff (part time)

Md Shahadat Hossain Akram

Unaffiliated, until Nov.

Yuki Ochi Technical Staff (part time) from Dec., Secretary until Nov. Takashi Obi Institute of Science Tokyo
Ryotaro Ohashi QST Student Researcher Kenji Shimazoe University of Tokyo
Miwako Takahashi Diagnostic and Therapeutic Nuclear Mikio Suga Chiba University
(concurrent position) | Medicine Group Leader (tenure) Eiji Takada NIT, Toyama College
Sodai Takyu Senior Researcher Ayu Tanaka ATOX Co., Ltd.

Hideaki Tashima Senior Principal Researcher (tenure), promoted in Jul. 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) Trainee / Internship

R. Kitamura Secretary (part time) Ryogo Abe Chiba U. (Yamaya-lab. B4)
M. Ohno Secretary (part time) Mizuki Furuta Chiba U. (Yamaya-lab. B3), from Dec.

Major collaborators (except for funded projects)

Aoba Miyahara

Chiba U. (Kawamura-lab. B4)

Mizuki Miyahara

Chiba U. (Suga-lab. B4)

Collaborators (alphabetical)

Themes (Students, etc.)

1 Carlo Ettore Fiorini (Polomi) Production and applications of particle beams
2 | Kei Kamada (Tohoku U.) Development of micro beta imaging using eutectic crystals
. Development of robotic joining functionality and control technology for forceps-type
3 | Kazuya Kawamura (CFME, Chiba U.) mini PEpT (B4 Aoba Miya:mara, ?34 Yurika Ha);unuma) * PeRP
4 | Katia Parodi, Peter Thirolf (LMU) In-beam PET simulation / experiment, SIRMIO project
5 | Mitra Safavi-Naeini (ANSTO) Prompt gamma detection and neutron capture discrimination in NCEPT
6 | Mikio Suga (CFME, Chiba U.) Simulation design of WGI (B4 Mizuki Miyahara)
7 | Eiji Takada (NIT, Toyama College) Medical application of organic semiconductor detectors
8 | Shin'ichiro Takeda (F-REI) Development of a Si detector for WGI
9 Hiroshi Watabe, Yoshihito Funaki, Quantum PET study using I-124
Yuki Ohnishi (RARIS, Tohoku U.) (Supply platform of short-lived radioisotopes, PIl: Sodai Takyu)
Demonstration and resolution enhancement of forceps-type mini PET imaging (D2 Ryotaro Ohashi)
Research on realizing the world’s fastest TOF-PET using Cherenkov radiation (D1 Taiyo Ishikawa)
. . . - Development of a hemispherical brain PET with TOF-DOI detectors (D1 Kurumi Narita)
Taiga Yamaya, Hideaki Haneishi . . ) . .
10 (CFME, Chiba U.) Study on performance |mprovemept of PET using cj.egp learning (D1 Yuya inlshl, enrplled in October)
’ Brain Whole Gamma Imaging device design: optimizing scatter detector scintillator thickness for SPECT
isotopes (B4 Ryogo Abe)
Imaging simulation of a whole-body PET system using TOF-DOI PET detectors (B3 Mizuki Furuta)
Research contracts (alphabetical) Funded Themes (period Y/M/D)
1 | ATOX Co., Ltd. Yes Performance improvement of the helmet PET (2023/4/1—2026/3/31)
2 | ATOX Co., Ltd., Hamamatsu Photonics K.K. No Application of deep learning methods to VRAIN (2023/4/1-2026/3/31)
3 | OXIDE Corporation No Research on scintillator blocks for PET detectors (2023/3/30-2026/3/31)
Hamamatsu Pharma Research Co., Lid. Yes Study on the effectiveness verification of a DOI-PET system in non-
4 | Hamamatsu Photonics K.K. (Partial) | clinical PET imaging services (2025/12/1-2027/3/31)
Hamamatsu Medical Photonics Foundation
5 | Hamamatsu Photonics K.K. No Basic research on the next generation PET detectors (2016/8/1-2027/3/31)
6 | 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-
7 | Mirai-Imaging Corporation Yes res‘;ction lymph noge Ziagnosis during spurgery" (2025/‘()3/9-2[())26/2/27) o°
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FY2025 Imaging Physics Group Grants
As of Dec. 31, 2025
Internal budget (basically excluding labor cost) [x1,000 yen]

Amount Main collab outside
Budget Note Labor the group (Pl underli
1 Returned Personnel Costs HIA02 17,215 0 —
2 | Returned indirect expense A part of indirect—>HIA02 2,546 0 —
3 | Imaging physics (HIA02) PI: Taiga Yamaya For group operation 1,259 0 —
4 | QST President's Fund 2025 PI: Go Akamatsu Development of 3D imaging technology for medium-energy gamma rays (300-500 keV) 1,000 0 —
5 | QST President's Fund 2025 PI: Yuma lwao Development of an ultra-low computational cost motion correction method for brain PET imaging 1,000 0 —
Sum 23,020 0

Competitive grants [x1,000 yen]

10

) Direct expense Indirect | Members in the group | Collaborators outside the
Project Theme ) "
Labor Distributed | €xpense (Pl underlined) group (Pl underlined)
Nakatani Foundation Long- Future PET peveltzpment Unit - T Yamaya, . S Kurosawa (tho!(u u./u.

1 term Large-scale Research Trans.for“matlon to "Whole Gamma. 54,545 9,000 20,909 5.455 M Ta.kahashl,.et al. (all | Tokyo), H Hane|§h|, M Suga,

Grant 2022-2026 Imaging" that makes use of all available Imaging Physics K Kawamura (Chiba U.), Y
radiations for diagnostic imaging Group members) Imai (Dokkyo Med. U.), et al.

AMED Advanced R&D and | Development of world's T Yamaya, M Takahashi, E Project Leader: T Yamashita (ATOX),

development system | highest resolution brain PET to Yoshida, H Tashima, G Akamatsu, | Co-investigator. Y Narita, $ Yanagisawa

2 strengthening project for | realize early diagnosis for 50,886 0 0 15,266 | C Toramatsu, F Nishikido, H (Nafional Cancer Center Hospital), K Ishii
medical devices dementia and cancer (2023- Wakizaka, H G Kang, S Takyu, Y. (Tokyo Metropoitan Geriatric Hospital and
25he2302010h0103 2027) Iwao, F Obata, K Narita Insftute of Gerontology)

AMED Moonshot Research | Early detection and modulation of the T Yamaya, M Project Leader:

3 and Development Program | dementia pathogenesis based on the 20,000 0 0 0 Takahashi, E Yoshida, | M Higuchi (QST),
242f0127012h0001 concept evolving from glial pathology ! H Tashima, G 238 Co-investigator and
(Research participation) to senoinflammation (2024-2029) Akamatsu, H G Kang Research Participants
Cotsbotve sy | O

4 2925. . . . PET enabling pre-resection lymph 10,476 0 0 524 | S Takyu, R Ohashi -
Mirai-imaging Corporation . . . N

node diagnosis during surgery
KAKENHI 2025-2027 Proof-of-concept study of

5 Grant-in-Aid for Scientific | Quantum PET for diagnosis 7,500 0 0 2,250 | S Takyu, M Takahashi | K Matsumoto (QST)
Research (B) 25K03500 based on positron lifetime
Collaborative research Study on the effectiveness T Yamaya, H G Kang, H Tashima,

6 2025-2026 verification of a DOI-PET system in 4,545 0 0 455 | G Akamatsu, C Toramatsu, —

t | Pharma Research, Inc non-clinical PET imaging services Y Iwao, H Wakizaka
Nakatani Foundation FY2025 | Development of Quantum PET

7 Research Grant (Grant for | measurement technology for visualizing 4,000 0 0 0 | S Takyu —

Encouraged Research) hypoxic tumors (2025-2026)
KAKENHI 2023-2028 Japan-Germany collaborative
Fund for the Promotion of Joint | research toward simultaneous real- £ Toramatsy,

8 ' ) : S 3,100 0 0 930 | T Yamaya, S Takyu, Katia Parodi (LMU)
International Research (Fostering Joint | time imaging of cancer pathology and H G Kang
| ional Research) 23KK0206 radiotherapy effects
KAKENHI 2025-2026 Development of a PET/Two-

9 Grant-in-Aid  for Early-Career | Photon Microscopy hybrid 3,000 0 0 900 | HG Kang —

Scientists 25K21601 system
KAKENHI 2023—202§ B Development of Wh9\e Gamma \rqaglng H Tashima, S Takyu, M Ishibashi

10 | Grant-in-Aid for Scientific | system capable of simultaneous high- 2,000 0 300 600 —H G Kang (Nippon Med. School)
Research (B) 23K28463 resolution imaging of multiple nuclides
Collaborative research . TYamaya, E Yoshida, H Tashima,

11 | 2023-2025 ;er:;’:;f;pmvemem of 1,800 0 0 180 | FNgio, 6 camas, Yo S ek, H —

ATOX Co., Ltd. G Kang, H Wakizaka, F Obata, M Takahashi
KAKENHI 2024-2026 Combined OpenPET and next-generation

12 | Grant-in-Aid for Scientific | particle therapy: Utilization of washout 1,500 0 0 450 | C Toramatsu —
Research (C) 24K10826 information as a new hypoxia marker
KAKENHI 2025-2027 Development of an innovative high-precision

13 | Grant-in-Aid for Scientific | brain PET motion correction system with high 1,500 0 0 450 | Y lwao —
Research (C) 25K15947 temporal resolution and fast computation
KAKENHI 2025-2027 Development of 3D imaging

14 | Grant-in-Aid for Scientific | technology for medium-energy 1,300 0 0 390 | G Akamatsu —
Research (C) 25K10901 gamma rays (300-500 keV)

KAKENHI 2023-2025 Development of 3D PET detector

15 | Grant-in-Aid for Scientific | with TOF time resolution on the 500 0 0 150 | E Yoshida —
Research (C) 23K11913 order of 100 ps

16 31§t Konica Minolta Imaging Chg\lenge for 3Dlimagling of » 500 0 0 0 | G Akamatsu _

Science Encouragement Award radiopharmaceuticals in nuclear medicine I
KAKENHI 2023-2025 New method for real-time CT M Yamaguchi (QST), $ Yamamoto

17 | Grant-in-Aid for Scientific Research | imaging during particle beam 200 0 0 60 | HG Kang (Waseda U.), T Ono (Gunma U.), M Sakai
(B) 23K28462 (Co-investigator) cancer therapy (Kyushu U.), H Watabe (Tohoku U.)
Collaborative Research | Practical application of next-generation A Yoshikawa

18 | Program at IMR Tohoku U. nuclear medicine concept WG| using a 189 0 0 0 | TYamaya, etal. (Tohoku U.)
202412-RDKGE-0007 new scintillator (2024-2025) )

UVSOR Facility Use at Institute | Study on positron lifetime S Takyu, F Nishikido, T Yoshitaka (IMS).

19 | for Molecular Science FY2025 | imaging technique using 179 0 0 0 | HTashima, T T Hirade (JAEA),
25IMS6601 gamma ray beam at UVSOR Yamaya, M Takahashi | K Matsumoto (QST)
KAKENHI 2025-2027 Construction of an innovative prognostic model N Kawata, H Haneishi,

20 | Grant-in-Aid for Scientific Research | by integrating longitudinal imaging data and 100 0 0 0 | Ylwao T Suzuki, T Okamoto
(C) 25K15955 (Co-investigator) clinical information using diffusion models (Chiba U.)

UVSOR Facility Use at Institute | Initial demonstration of positron S Takyu, F Nishikido, T Yoshitaka (IMS).

21 | for Molecular Science FY2025 | lifetime imaging analysis technology 89 0 0 0 | HTashima, T Yamaya, M T Hirade (JAEA),

25IMS6802 using the UVSOR gamma-ray beam Takahashi, H G Kang, F Obata K Matsumoto (QST)
Sum 167,909 9,000 21,209 | 28,060
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Data of Imaging Physics Group (FY2009-FY2025)
|Fiscal year | 2009 2010 | 2011 2012 2013 2014 2015 2016 2017 2018 2019
1. Research budget [x1,000 yen] 48,913 61,869 | 144,380 108,649 134,001 121,711 117,564 76,145 71,129 102,369 96,207
|- Internal budget (excluding labor) 17,666 8,092 102,350 92,730 86,482 55,299 36,973 16,658 20,601 36,139 26,177
|- Internal competitive grant 17,445 16,812 1,170 0 0 0 3,000 6,000 7,000 20,000 20,050
|- Competitive grant 13,802 36,965 40,860 15,919 47519 66,412 77,591 53,487 43,528 45,530 49,980
| |- for internal use (excluding labor*) 28,460 14,919 35,269 33,234 42,935 50,287 40,628 43,630 49,480
| |- for distribution 12,400 1,000 12,250 33,178 34,656 3,200 2,900 1,900 500
|- Own income 700
* from 2021
2. Researchers 4 6 6 6 6 14 8.7 80 93 11.0 11.0
|- Permanent 1 1 1 1 1 1 2 2 2 3 3
|— Non-permanent (4-day or more /week) 3 4 3 3 3 3.5 2.7 3.0 45 6.0 6.0
|- Postdocs (+JSPS fellows) 0 1 2 2 2 29 4 3 28 2.0 20
3. Achievement (3Rt (ZE ETIE I {EE D
Conference presentations 41 56 54 63 72 48 58 51 50 59 78
per researcher 10.3 9.3 9.0 10.5 12.0 6.5 6.7 6.4 54 54 71
expense [x1,000 yen]/presentation 1,193 1,105 2,674 1,725 1,861 2,536 2,027 1,493 1,423 1,735 1,233
Peer-reviewed articles 9 9 5 7 11 14 4 7 11 7 14
per researcher 2.3 1.5 0.8 1.2 1.8 1.9 0.5 0.9 1.2 0.6 1.3
expense [x1,000 yen]/article 5,435 6,874 28,876 15,521 12,182 8,694 29,391 10,878 6,466 14,624 6,872
Patents 7 13 5 13 14 5 14 8 8 5 5
|- Applications 4 11 3 6 1 2 0 1 2 0 3
|- Registered 3 2 2 7 13 3 14 7 6 5 2
per researcher 1.8 22 0.8 22 23 0.7 1.6 1.0 0.9 0.5 0.5
expense [x1,000 yen]/patent 6,988 4,759 28,876 8,358 9,572 24,342 8,397 9,518 8,891 20,474 19,241
Evaluation and outreach activities
|- Awards 2 3 5 4 6 2 3 1 8 7 7
|- Invited talks 4 14 2 1 2 7 4 7 1 16 31
|- Book chapters, review articles 6 3 2 1 6 5 7 8 5 7 7
|- Public relations activities 4 5 19 30 6 11 11 14 6 4 7
|- Lectures 9 2 20 20 10 13 12 8 13 17 9
[Fiscal year [ 2009 2010 [ 2011 2012 2013 2014 2015 | 2016 2017 2018 2019
Group members (only research-related, alphabetical)
Staff
P ER & 2 Takayuki Abe — — Res. (2011/9-2012/1) — — — — — — —
Abdella M. Ahmed . e — — — Postdoc (2014/5-2017/4) — . —
7742 Ml Go Akamatsu — — — — — — — — Postdoc (July-)
JEFR 7451 Akram (Mohammadi) Hamato — — — — Postdoc z01m Researcher (2015/8-) Senior Res.
EBFFEZ Yoshiyuki Hirano — — Postdoc (2011/7-2014/10) — — — — —
Md Shahadat Hossain Akram — — — — — Postdoc Senior Res.
#E EEF Naoko Inadama Researcher Senior Researcher —(part-time) |Principal Researcher
A BIEE Yuma Iwao — — — — - Postdoc Researcher (2018/4-2023/3)
Jiang Jianyong — — — — — — Postdoc (2015/10-2016/3) — — —
Han Gyu Kang — — — — — — — Researcher
h B3E#2 Yasunori Nakajima — — — — Researcher (part-time) — — — — —
£8 8 X = Fumihiko Nishikido Researcher Senior Res. (July-)
HHERZ Munetaka Nitta — — — — — — Res. (2017/10-2018/10) —
INE T Fujino Obata — — Assistant (part-time) Technical Staff (part-time)
A RHL Yuki Ochi — — — — — — — — — — —
=BEINF Miwako Takahashi - — — — - — — — — Principal Res.
HARBIK Sodai Takyu — — — — — — — Researcher (2016/11-) Postdoc
B % BA Hideaki Tashima — Postdoc JSPS Fellow (-2014/9) —Researcher (2014/10-) Senior Res. (July-) —tenure

EH T Chie Toramatsu

#3357 Hidekatsu Wakizaka

LI ZRE Taiga Yamaya

= H3A Eiji Yoshida
EBBIES Visiting Researcher

Technical Assistant
Team Leader (tenure)
Researcher

Senior Researcher

—tenure

Senior Res. (part-time) 2016/10-2021/4

Technical Staff Senior Technical Staff (2018/
Group Leader
Principal Res.

HrFHZER Norio Arai
#1l 5% Makoto Kakegawa
Students (pre—doctoral fellows)

BB 5T E Genki Hirumi
#4 E £ Nobuyoshi Hosotani
B K# Taiyo Ishikawa
% Tomoya Kikuchi
ARARF Shoko Kinouchi
7&)II3EFE Miho Kiyokawa

A E BB Kurumi Narita
{Z%} [E Takumi Nishina
FTHRZ Munetaka Nitta
KIEEAER Ryotaro Ohashi
KHE#E Shoma Ohigashi
B E 4 Yusuke Okumura
S ETth Tetsuya Shinaji
#5KiE 3} Kaito Suzuki
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Amyloid/FDG-PET using high resolution brain PET
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Figure 1
from the conventional PET scanner (right). The basal forebrain region is mainly composed of the nucleus basalis of Meynert
which can be identified in the image from VRAIN.
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Introduction

The brain PET system (helmet PET) developed by the QST
Imaging Physics Research Group was commercialized as
VRAIN and it has achieved high spatial resolution and image
quality [1]. In 2022, brain '®F-fluorodeoxyglucose (FDG)-PET
imaging in healthy volunteers was done to demonstrate the
VRAIN performance under clinical conditions, as described
first in [2]. With the application of concurrently developed
motion correction and image registration methods, localized
FDG uptake in the basal forebrain was identified, enabling
visualization of neuronal cell groups such as the nucleus
basalis of Meynert, which have been difficult to delineate with
conventional systems. This advancement further allowed the
identification of deep brain nuclei that had previously been
recognizable only through histological studies (Figure 1).

Since 2023, clinical studies using amyloid PET and FDG-PET
have been conducted in patients, and newly obtained findings
are reported herein.

Representative coronal view images including the basal forebrain region (arrows) obtained from VRAIN (left) and that

Study participants and methods

Participants in this study were patients who subjectively
complained of cognitive decline and scored 24 or higher on the
Mini-Mental State Examination (MMSE), a questionnaire-
based cognitive screening tool. On Day 1 of the study, MRI was
performed for screening purposes. Subsequently, after at least
resting in the supine position, '8F-
fluorodeoxyglucose (FDG) at a dose of 4.0 MBq/kg was

5 minutes of
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administered. Participants remained at rest, and PET
acquisition was performed using VRAIN for 25 minutes starting
30 minutes after injection. On Day 2, amyloid PET imaging was
performed using both VRAIN and a conventional PET scanner
(Discovery MI-5ring; GE Healthcare). For amyloid PET, 370
MBq of "8F-florbetapir was administered, followed by two PET
scans: a 10-minute scan starting 30 minutes after injection and
a 20-minute scan from 50 to 70 minutes after injection. The

PET scanners were used in alternating order.

Amyloid PET images were visually assessed as positive or
negative in accordance with established guidelines.
addition, images were reconstructed with the application of a

In

motion correction method and a registration method, and
SUVR images were generated using the cerebellum as the
reference region, based on a VOI template derived from the
AAL atlas (PMOD Technologies LLC, Zurich, Switzerland).
FDG-PET images were processed in the same manner.

Results

Amyloid PET demonstrates non-specific tracer accumulation
in the cerebral white matter, whereas FDG-PET shows
physiological uptake in the cerebral cortex. To assess whether
these distinct distributions could be compared at the gyral
level,
performed (Figure 2). As a result, clear adjacent contrast along
individual gyri was observed, enabling visual identification and

image registration between the two images was

comparison at the gyral level. In deep brain regions, FDG
uptake corresponding to neuronal nuclei could be identified. In
contrast, these regions showed no tracer uptake on amyloid
PET images, while nonspecific uptake was observed in
adjacent fiber tracts. The two images exhibited a contrast-
reversed appearance, resembling a black-and-white inverted
image.

During the visual assessment of amyloid PET images, there
was a case in which images acquired with a conventional PET
scanner were interpreted as negative, whereas images
acquired with VRAIN was interpreted as positive (Figure 3). On
VRAIN images, tracer uptake could be clearly recognized
along the cerebral cortical surface, while on conventional PET
images the uptake appeared reduced, and the images were
classified as negative. For MR, the sulcus in this region was
relatively widened; therefore, the uptake was likely
underestimated on conventional PET due to the partial volume
effect, a phenomenon in PET in which tracer uptake in small
structures is underestimated because of limited spatial
resolution.
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Figure 2 Representative amyloid- and FDG-PET images from an amyloid-negative case. All are VRAIN images. Axial (left) and
sagittal (right) views are shown. Images include amyloid PET (a), fused amyloid- and FDG-PET images with weighting ratios of
66:34 (b) and 34:66 (c), respectively, and FDG-PET (d). Amyloid tracer uptake is predominantly observed in the white matter,
whereas FDG uptake is mainly distributed in the cerebral cortices. The grayscale bar indicates the standardized uptake value
ratio (SUVR) ranging from 0 to 3.4 for amyloid PET, and the color bar indicates the SUVR ranging from 0 to 2.0 for FDG-PET with
the cerebellum used as the reference region in calculating the SUVR.

Figure 3 Representative amyloid PET images from an amyloid-positive case. A photograph of the VRAIN PET is shown in (a).
An axial amyloid PET slice demonstrating positive tracer uptake in the frontal lobe is shown in (b), with the region indicated by a
red dashed lines. The corresponding T1-weighted MRI slice (c) and the amyloid PET image acquired with the conbentilna PET
scanner at the same anatomical level (d) are shown. Amyloid positivity is difficult to determine in the region indicated by the
dashed lines of (d). A photograph of the conventional PET scanner used in this study is shown in (e).
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Discussion

The cerebral cortex is characterized by a highly folded
architecture, forming numerous gyri and sulci. Most cortices
are approximately 2-5 mm thick; therefore, in conventional
PET systems, cortical regions are highly susceptible to partial
volume effects, resulting in an underestimation of tracer uptake
on PET images. Conversely, because opposing cortical
surfaces are closely apposed within sulci, partial volume
effects may lead to artificially elevated uptake in these regions.
Adjacent cortical areas may subserve entirely different
functions, and separating and evaluating each region
individually is essential for understanding brain function.

In this study, FDG, which predominantly accumulates in the
cerebral cortex, and an amyloid tracer, which preferentially
distributes in the white matter, were imaged using VRAIN. This
approach enabled confirmation that the two tracers were
visualized adjacently along gyri and sulci, demonstrating the
high performance of VRAIN and its capability for gyral-level
evaluation.

Participants in this study were within the normal range on
conventional screening methods but subjectively perceived a
decline in their cognitive function compared with their previous
baseline. Under current medical standards, such individuals
are considered normal or, if underlying pathology exists, to be
at a very early stage. In amyloid PET imaging, a case was
classified as negative using a conventional PET scanner but
positive when evaluated with VRAIN, suggesting that
discordant findings may occur particularly in this population.
Amyloid PET positivity is visually defined by cortical uptake
comparable to that of white matter in two or more gyri,
therefore, accurate cortical evaluation is important. As optimal
treatment timing becomes better defined, the number of
individuals at earlier stages increases, and high-resolution
brain PET systems will become increasingly necessary.

Conclusion

High-resolution brain PET systems such as VRAIN provide
high-quality brain PET images, enabling more accurate
amyloid PET diagnosis than systems.
Furthermore, high-resolution brain PET allows the evaluation
of deep brain nuclei, which may facilitate new advances in
brain research.
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Introduction

Patient motion during brain PET acquisition degrades the

spatial resolution of reconstructed images; therefore,
appropriate motion correction is essential. In the conventional
frame-based method, the acquired data are divided into fixed
time intervals and reconstructed to generate frame images,
and motion is estimated by registering images between
frames. The primary advantage of this approach is that it
requires no additional hardware and is easy to implement.
However, because the frame boundaries are fixed in time and
do not account for the timing of motion events, multiple motions
are likely to occur within a single frame, which leads to reduced

motion estimation accuracy.

On the other hand, by averaging the center points of lines of
response (LoRs) connecting detector pairs that record
coincidence events at approximately short intervals, a metric
known as the center of distribution (CoD) can be calculated.
CoD has been reported to show a high correlation with actual
subject motion. Exploiting this property, we previously
developed an adaptive frame segmentation method that
determines frame boundaries according to the timing of motion
events [1]. This method enables suppression of intra-frame

motion while minimizing the number of frames.

the
fundamental strategy of estimating motion through image-to-

However, even with optimized frame boundaries,
image registration remains unchanged. Image registration is
computationally expensive, and even when the number of
frames is minimized using the adaptive frame method, the
analysis still requires several hours of computation.

In this study, we propose a novel method that directly estimates
head position and orientation based on the analysis of voxel
intensity distributions in image space. The proposed method
eliminates the need for image registration and is expected to
reduction time

achieve a substantial in computational

compared with conventional approaches.
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Flow chart of the motion correction process.

Methods

Figure 1 shows an overview of the proposed motion correction
approach. Details of each step are described below.

Frame images are generated using the adaptive frame division
method [1]. For the image of the n-th frame, the center of mass
and the inertia tensor are calculated [2]. The center of mass
S, remains invariant to translational motion of the head, as its
relative position within the head does not change. Therefore,
S, can be used as an indicator for estimating the translational
component of motion. In contrast, the inertia tensor represents
the spatial distribution of image structures. By applying
principal component analysis to the inertia tensor, three
orthogonal vectors R,, can be derived.

Ry = (Th1) Tz Tz)

INHDORY MVIFBEEBORARICER R AR Z T~
LCHY., BEEAEER L THENNAEARBERIEER
FaINnsd, 07, BERKRSOHEEEZE L TFH
BrRiggchH b, ULZHEEL. S, &R, MDD
4 X 4[ERERITINT, Z1ERT B,

T, = (

COF, n7L—LIZBITFBE—YavMld. 07
L—LhbDENELTFROATEHEIND,

M, = TnTO_1

FEFERER Z7L—LDE—Ya v T—&
“H EIT, MOLAR 7TV X L[BIICEDW-FBH
P& AT WMEABIIE & Mo ERZ ERLT %,

- (RnRO_ !
0

These vectors represent directions intrinsic to the head shape,
and their relative orientation is preserved even when the head
undergoes rotation. Therefore, they can be used as indicators
for estimating the rotational component of motion. By

integrating these quantites, a 4x4 homogeneous
transformation matrix is constructed from S,, and R,.
Rn Sn)
1

At this point, the motion at the n-th frame, M, is derived as
the relative transformation with respect to the 0-th frame.

Sn — R,Ry 150)
1

Motion Corrected Reconstruction: Motion corrected images

are reconstructed using the MOLAR algorithm [3] based on

the estimated motion parameters.
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Figure 2 Reconstructed images from participant #7: head-fixed PET image (a); head-moving PET without motion correction
(MC) (b); with registration base MC (c); and with proposed inertia moment base MC (d).
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Figure 3 Box plots of the peak-to-valley ratio in the profile line on the inferior colliculus in eight volunteers (a),
and box plots of the motion estimation processing time (logarithmic scale on the vertical axis) (b).
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Experiments and Results

Experiments were conducted using data from eight volunteers
acquired in a study performed using the VRAIN
(jRCTs032210086). First, PET imaging was performed with the
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head fixed to generate reference reconstructed images (head
fixed). Subsequently, data were acquired while the subjects
intentionally moved their heads, and reconstructed images
without motion correction (no correction) were generated. In
addition, two types of motion-corrected reconstructed images
were produced using frame images generated by the adaptive
frame segmentation method [1]: one using conventional
registration-based motion estimation (registration method) and
the other using motion estimation based on the proposed
method (proposed method).

Figure 2 shows reconstructed images obtained under each
condition. Compared with the head fixed image (a), the no
correction image (b) exhibits substantial
blurring and marked degradation in image quality. In contrast,
the motion-corrected images (c, d) show a pronounced
recovery of spatial resolution, and visual assessment confirms
image quality comparable to that of the head fixed reference.
To quantitatively evaluate these results, profile lines were
placed over the bilateral inferior colliculi, a pair of small
structures located in the midbrain, and the peak-to-valley ratio
was calculated as a resolution metric (Figure 3(a)). Statistical
analysis revealed no significant differences between the

motion-induced

motion-corrected images obtained using the proposed method
and those obtained using either the head fixed condition or the
conventional registration method, indicating comparable
spatial resolution performance.

In contrast, with respect to computational cost, the registration
method required an average processing time of approximately
13,000 s, whereas the proposed method required only
approximately 200 s, demonstrating a substantial reduction in
computation time (Figure 3(b)).

Conclusion

We proposed a frame-based motion correction method
utilizing moment of inertia analysis. Compared to conventional
frame-based methods employing registration, this approach
demonstrates equivalent performance while significantly
reducing calculation cost.

Go Akamatsu, Hideaki Tashima, Miwako Takahashi, and Taiga Yamaya (QST)

Iwao, Y. et al., “A Data-Driven Approach to Adaptive Frame Division for Brain PET Motion Correction”, IEEE NSS, Vancouver, 2023.
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Introduction

We aim to achieve 1 mm spatial resolution through the
development of a next-generation version of the hemispherical
brain PET scanner VRAIN [1].
innovation of the next version is the crosshair light-sharing

The key technological

(CLS) detector [2], which can measure both time-of-flight
(TOF) and depth-of-interaction (DOI) information. In contrast,
VRAIN supports TOF measurement only and does not provide
DOl information. Previous simulation studies and experiments
using a one-ring prototype have demonstrated the high
potential to achieve 1 mm spatial resolution [3]. In this study,
we developed a practical seven-ring brain PET prototype and
compared its imaging performance with that of the VRAIN
scanner.

Methods

The developed brain PET prototype, named CLS-7, consists
of 252 CLS detectors arranged in a seven-ring geometry (36
detectors per ring), as shown in Figure 1. Table 1 summarizes
the specifications of the system configurations of VRAIN and
CLS-7. In the CLS-7, each CLS detector was composed of a
detector block using fast-LGSO scintillation crystals (OXIDE
Corp.) and a multi-pixel photon counter (MPPC, S14161-
3050AS-08) (Hamamatsu Photonics K.K.) for the silicon
photomultiplier (SiPM). PETsys TOFPET2 ASIC (PETsys
Electronics) was used for the data acquisition system. The ring
diameter was 29.6 cm, and the axial field of view (FOV) was
18.5 cm. The prototype allows adjustment of gantry height and
angle via side-mounted handles (the height adjuster and angle
adjuster in Figure 1), enabling measurements in both supine
and seated positions.

Normalization: Normalization was performed using a custom-
made hollow ring phantom designed to match the gantry
geometry. To enable PET imaging following CT scans without
changing the subject’s posture, the prototype was positioned
adjacent to the CT scanner, with the centers of both gantries
precisely aligned.

Coincidence timing resolution (CTR): To evaluate CTR, a ??Na
point source (activity: 0.1 MBq) was placed at the center of the
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FOV and measured for 1 hour.

Spatial resolution (comparison with VRAIN): Spatial resolution
was defined as the rod separation capability in a rod phantom.
A %Na-filled multi-rod phantom (activity: 0.55 MBgq; rod
diameters: 1.6, 2.2, 3.0, 4.0, 5.0, and 6.0 mm) was placed at
the center of the FOV and scanned for 30 minutes. The
reconstructed image was compared with that obtained from
VRAIN
reconstruction was performed using the ordered-subset

under identical imaging conditions. Image
expectation-maximization (OSEM) with 4 iterations, 8 subsets,
and a voxel size of 0.5 0.5 X 0.5 mm?3 for both the VRAIN and

CLS-7 systems.

Spatial resolution (demonstration of 1 mm spatial resolution):
To evaluate the detectability of smaller structures, another rod
phantom, the 22Na ultra-micro hot rod phantom (activity: 0.31
MBgq; rod diameters: 0.75, 1.0, 1.35, 1.7, 2.0, and 2.4 mm) was
used. To investigate the improvement in spatial resolution
provided by DOI capability, measurements were performed for
3 hours each at the FOV center and at a 10 cm radial offset.
Image reconstruction was performed using the OSEM with 20
iterations, 8 subsets, and a voxel size of 0.25X%X0.25X%0.25
mm3.

Photograph of the developed seven-ring brain PET prototype.
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Table 1 System configurations of VRAIN and CLS-7.
VRAIN CLS-7
Scintillator material LFS Fast-LGSO

Element size of scintillator

4.1%x4.1x10 mm?®

1.45%1.45%15 mm?3

Scintillator pitch 4.2 mm 1.6 mm
Number of scintillators per block 12x12 14x14
Photosensor type SiPM SiPM
Element size of photosensor 4.0x4.0 mm? 3.0x3.0 mm?
Number of photosensors per block 12%x12 8x8
Geometry Hemisphere Cylinder
Number of detectors 54 252
Ring diameter 27.9 cm (bottom) 29.6 cm
Axial field of view 22.4 cm (maximum) 18.5cm

CLS-7 @ CTR £ 263.7 ps TH o7z, ZTHIE. L
BICRRELAZ 1 U IR EHEIBI LB L T 10%
DWEIHET 2, COERE L TE, 77— XBIED
7=121T> 7= TOFPET2 ASIC /%5 X — X &@1b 1
L. RELRS VI ARY FEHBIICHERTE
== &EZOND,
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Results and discussion

The CTR of the CLS-7 was 263.7 ps (FWHM). This result
represents an approximately 10% improvement compared to
[3]. This
enhancement would be due to the effective elimination of

the previously developed one-ring prototype

unnecessary single events through the optimization of
TOFPET2 ASIC parameters for data reduction.

Figure 2 shows reconstructed images of the multi-rod phantom
acquired with VRAIN and CLS-7. While VRAIN could not
visualize the 1.6 mm rods, CLS-7 successfully visualized them.
The scintillator width of the CLS-7 is 1.45 mm, which is
approximately one-third of the 4.1 mm width used in VRAIN
detectors. The adoption of such fine scintillators, together with
the DOI in VRAIN—is therefore
considered to have contributed to the improvement in spatial

measurement—absent

resolution.

The reconstructed image of the ultra-micro hot rod phantom
measured by CLS-7 is presented in Figure 2. At the center of
the FOV, 1 mm rods were clearly visualized. Furthermore,
using DOI information effectively reduced the degradation in
spatial resolution at a 10 cm radial offset.

On the other hand, in the rod phantom study, the visibility of 1-
mm rods at a 10-cm offset position was inferior to that at the
center of the FOV,
improvements, including DOI calibration, are still required.

indicating that further performance
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Figure 2 Reconstructed images of the multi-rod phantom and ultra-micro hot rod phantom.

¥&® Conclusion

CLS Hi2a %A FHULNTEEED PET s{Fi# F % L /=, A brain PET prototype using CLS detectors was developed.
PR L /-5BIL. MHEEBA FO 2 EENMBEES T The prototype showed higher spatial resolution than the
Lolmm Oy RAKIHTE 3 2 & 5FR L1, 2% previous brain PET system, including visualization of 1 mm
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& 5% HEEHFICMEIF AR, NEMA NU 2 and conducting a comprehensive performance evaluation in
2024[ANCED CHEREFHEZED TV FETH D0 aecordance with the NEMA NU 2-2024 [4] standards.

rods. Future work will focus on further improving image quality
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Introduction

PET imaging is widely used in cancer diagnosis; however, as
detecting small lesions remains challenging due to limitations
in spatial resolution, higher resolution is desired. Although
reducing the scintillator pixel size is effective for improving
spatial resolution, it is necessary to maintain sufficient crystal
thickness for detecting high-energy y-rays. This leads to
uncertainty in the depth at which obliquely incident y-rays
interact, making it challenging to maintain high resolution,
particularly at the periphery of the field of view. To address this
issue, measuring the depth-of-interaction (DOI) enables the
simultaneous achievement of high sensitivity and high spatial
resolution. Furthermore, time-of-flight (TOF) measurement,
which evaluates differences in y-ray arrival times, is effective
for noise reduction, and the simultaneous realization of DOI
and TOF measurements is essential for improving image
quality. QST researchers have developed the crosshair light-
sharing (CLS) detector [1] as a TOF-DOI detector and
demonstrated its effectiveness in small-animal and brain PET
systems [2,3]. In this study, through simulation, we evaluated
the potential improvement in spatial resolution that can be
achieved by applying CLS detectors to a whole-body PET
system.

Methods

We modeled a whole-body CLS-PET system with a ring
diameter of 750 mm and an axial field of view of 179 mm using
the Monte Carlo simulation toolkit Geant4. The detector
principle assumed was air-CLS [1], and the detector
configuration consisted of LGSO crystals  of
1.45%x1.45x15mm?® arranged in a 14 x14 array, with 92
detector blocks per ring and seven rings in total. The energy
resolution was set to 20%, and the energy window was set to
400-600 keV.

For performance evaluation of the proposed system, the
spatial resolution assessment specified in the NEMA standards
[4] was simulated, and the full width at half maximum (FWHM)
of reconstructed using filtered
backprojection was calculated. The activity of the point source
was set to 1 MBg. As a conventional system for comparison,
we used literature values [5] from the Siemens Biograph Vision
PET/CT scanner, which employs LSO crystal scintillators with
dimensions of 3.2 x 3.2 x 20 mm?®.

point-source images
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Results and Discussion

Figure 1 shows the results of the spatial resolution evaluation.
From them, the proposed system is suggested to have the
potential to achieve a higher spatial resolution compared to the
conventional system. In particular, the degraded radial spatial
resolution at the peripheral region, which was seen in the
conventional system, was suppressed, leading to improved
uniformity. These results suggest that the introduction of the
CLS detector contributes to improved spatial resolution
compared with the conventional system.

(a) Radial (b) Tangential (c) Axial
Biograph Vision data
54
— 4 1
£
s 31 Whole-body CLS-PET 1 S
Z | — — —
z,]
1
1 10 20 1 10 20 1 10 20
Offset [mm] Offset [mm] Offset [mm]
Figure 1 NEMA-based spatial resolution for radial (a), tangential (b), and axial directions (c) against radial offsets
The measured Biograph Vision data reported in [5] were plotted as reference.
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Introduction

In positron emission tomography (PET), time-of-flight (TOF)
information of detected annihilation photons allows for the
partial localization of the source position along the line of
response (LOR). The TOF-PET technology enhances image
quality. TOF gain increases with better TOF resolution and

larger object size.

Here, we report on two developments: an animal PET system
with our original TOF-PET detectors; and a Monte Carlo
simulation model for the realization of next-generation ultrafast
TOF-PET detectors.

Development of animal TOF-DOI PET system

Benefits of TOF have been widely investigated in clinical PET

systems; however, its effectiveness has not been
demonstrated in animal PET scanners, where the imaging
targets are relatively small. On the other hand, in systems with
a small ring diameter, the necessity of depth-of-interaction
(DOI) measurements is evident. Therefore, we developed a
new animal TOF-DOI PET system, Mirai-PET, and we
demonstrated that both TOF and DOI information improve
image quality in "®F-FDG PET imaging of a crab-eating

monkey.

The Mirai-PET is composed of 126 crosshair light-sharing
(CLS) detectors [1]. The detector ring diameter is 170 mm and
the axial length is 156 mm (Figure 1(a)). Each CLS detector
consists of a 14 x 14 array of fast-LGSO crystals
(1.45%1.45%15 mm3, 1.6 mm pitch) coupled with an 8 x 8 array
of silicon photomultipliers (SiPMs) with a 3.2 mm pitch. Four

fast-LGSO crystals are assigned to each SiPM, and each
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crystal shares scintillation light with crystals assigned to
adjacent SiPMs. By analyzing signal patterns from SiPM pairs
and the signal intensities, both the interaction crystal and DOI
information can be obtained. The coincidence time window

was set to 3 ns, and the energy window to 440-620 keV.

Spatial resolution was evaluated using an ultra-micro hot
phantom, which consisted of multiple rods filled with 2Na with
diameters ranging from 0.75 mm to 2.4 mm. Total activity was
0.33 MBg. The phantom was measured for 3600 s at the center
of the field of view (FOV) and at 50 mm radial offset. Images
were reconstructed using the ordered-subset expectation-
maximization (OS-EM) algorithm. As a result, rod resolutions
of 0.75 mm at the FOV center and 1 mm at 50 mm offset were

achieved.

TOF resolution was evaluated using a NEMA NU4 monkey-
sized scatter phantom. The measured TOF resolution was 242

ps.

To demonstrate the image quality improvements realized by
TOF and DOI BF-FDG PET imaging was
performed for the head of a crab-eating monkey (Figure 1(b)).

information,

A dose of 95 MBq was injected, and data were acquired for 60
min starting at 30 min post-injection. Image reconstruction was
performed using the OS-EM algorithm with attenuation,
scatter, and random corrections. The results indicated that
both TOF and DOI information clearly improved image quality
(Figure 1(c)). Given the approximate diameter of the monkey
head to be 10 cm in our study, based on Budinger’s report [2]
we estimated that the 242-ps TOF resolution theoretically
improved the image signal-to-noise ratio by a factor of 1.7

compared with non-TOF reconstruction.

(c)

Non-TOF

Non-DOI

7.5

DOI

0.5

Figure 1 Photograph of Mirai-PET (a), position of the monkey for the FDG-PET (b),
and reconstructed images of monkey brain FDG-PET (c).
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Monte Carlo simulation of Cherenkov-based PET detector

The TOF resolution of the Mirai-PET described above was 242
ps, which corresponds to a spatial resolution of 36 mm along
the LOR. In contrast, a TOF resolution of 30 ps has been
achieved at the laboratory scale using Cherenkov radiator—
integrated microchannel plate photomultiplier tubes (CRI-
MCP-PMTs) [3], corresponding to a spatial resolution of about
4.5 mm along the LOR. Furthermore, it has been demonstrated
that 2D cross-sectional imaging without performing image
reconstruction processes is possible by placing a pair of these
detectors face-to-face and translating them in parallel one row

at a time [4].

Relaxing the constraint of the conventional ring-type detector
arrangement opens the possibility of developing dual-panel
PET systems, for example, for intraoperative PET imaging or
PET imaging during particle therapy. Monte Carlo simulations
have shown that a TOF resolution of 40 ps is required for such
applications [5]. However, the practical use of CRI-MCP-PMTs
in PET systems has been limited due to their insufficient
both TOF

performance and practical detection efficiency, establishing an

detection efficiency. To achieve ultrafast

accurate simulation model of the CRI-MCP-PMT is required.

In this study, we developed a Monte Carlo simulation model of
a CRI-MCP-PMT. The detector geometry was defined based
(R3809U-50,
Hamamatsu Photonics K.K.), and a 3.2-mm-thick lead fluoride

on a commercially available MCP-PMT

crystal was used as a Cherenkov radiator window (Figure

2(a)).

resolution

The model incorporated the single-photon time
(25 ps FWHM),

waveforms, electrical noise, and PMT gain fluctuation to

measured  single-photon
generate analog output signals for timing. The amplitude
variations and electrical noise were modeled using Gaussian

functions based on measured data.

To evaluate the coincidence time resolution (CTR), we
simulated data acquisition by generating 107 pairs of 511-keV
gamma rays emitted from the center of the detector pair toward
each detector. Following the procedure in [3], we optimized the
pulse-area window and threshold level for constant-fraction
timing to obtain the best CTR. As a result, we observed that
the CTR improved with increasing pulse area and decreasing
threshold (Figure 2(b)). The degradation of the CTR at a
threshold of 1% indicates that the influence of electrical noise
was correctly modeled. The best CTR obtained was 28.5 + 3.0

ps FWHM (Figure 2(c)), which was consistent with the
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experimental results under nearly identical conditions [3] within

the range of error.

We demonstrated that the proposed simulation model has a
potential to reproduce a variety of CRI-MCP-PMT outputs by
adjusting the model parameters. Our model is expected to be
a valuable tool for optimizing the design of ultrafast TOF-PET
detectors employing CRI-MCP-PMTs.
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Conclusion

We developed the TOF-DOI
demonstrated for the first time that TOF and DOI capabilities

animal PET system and
improved the image quality of FDG-PET for macaque brain.
We also developed the Monte Carlo simulation model of a CRI-
MCP-PMT, which will be used to realize ultrafast TOF-PET
detectors.
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Introduction

Modeling and predicting the timing performance of PET
detectors is important, particularly in the research and
development of time-of-flight (TOF)-PET for which better
timing resolution is required. To accurately model timing
performance, it is essential to precisely obtain the distribution
of photon timestamps—that is, the arrival times of photons
generated within the scintillator at the photodetector.
Furthermore, it is known that statistically utilizing multiple
detected photon timestamps can approach the theoretical limit
of coincidence time resolution (CTR), represented by the
Cramér—Rao lower bound [1].

However, directly observing photon timestamp information as
experimental data is structurally challenging for detectors, and
use of the information relies on analytical models or Monte
Carlo simulations. Many previous studies assume idealized
conditions and fail to sufficiently reproduce uncertainties
inherent to actual scintillators and photodetectors, meaning
that behaviors obtained through simulation do not necessarily
replicate under experimental conditions.

In this study, we aim to recover and visualize photon timestamp
information experimentally by combining deep learning
techniques with physical knowledge. This approach enables
detailed analysis of photon behavior and validation of CTR
modeling, and it is expected to provide design insights for
achieving ultrafast timing resolution in next-generation TOF-
PET systems. In this yearly report, we present the results of a

demonstration experiment using an LYSO scintillator.

Proposed method

The proposed method experimentally recovers photon
timestamps from analog signal waveforms output from the PET
detector. The detector waveform is generally composed of a
convolution of the probability density function related to the

detection time of scintillation photons, the single photon
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response, and the single-photon time resolution of the silicon
(SiPM),
Therefore, by deconvolving the detector signal with the single-

photomultiplier combined with readout noise.
photon response waveform, it becomes possible to digitize
each photon as timestamp information. This mechanism
constitutes the fundamental principle of the proposed method,

which is implemented within a deep learning framework.

The proposed architecture consists of two networks: a
deconvolution component and a TOF estimation component
(Figure 1). In the deconvolution component, the single-photon
response of the SiPM, obtained in advance, is incorporated to
enable recovery of timestamps from analog waveforms without
using actual timestamp information as ground-truth labels. The
recovered timestamps are then fed into another network [2] for
TOF estimation, where the time difference of coincidence
events is estimated at the photon level. The weight parameters
of the entire model are optimized by simultaneously minimizing
the loss functions of each network, and the TOF estimation
error is back-propagated into the deconvolution process,
enabling more accurate recovery of photon timestamps by
taking time-difference information into account.

Single-photon

response
Photon
Input timestamps Label
| Network —» Convolved
waveforms
: . Label
TOF estimation part
Network Output |« Time difference
(e.g., 0.2 ps) LZ

Figure 1 Overview of the proposed architecture for timestamp recovery and improved CTR.
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Results

To evaluate the feasibility of the proposed method, we
performed data acquisition using LYSO scintillator crystals with
dimensions of 3 x 3 x 10 mm? with the experimental setup for
CTR measurement shown in Figure 2.
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Figure 2 Experimental setup for CTR evaluations using LYSO scintillator crystals.
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An example of the restored timestamps obtained using the
proposed method is shown in Figure 3. The CTR estimated
from the timestamps of all events is shown in Figure 4.
Compared to estimating TOF from a single detected photon,
utilizing multiple photons improves the CTR. Between the two
approaches, the maximum likelihood-based time estimation
approach achieved the best value of 107.1 ps full width at half
maximum (FWHM) while mitigating degradation due to an
increased number of photons. The observed behavior is
generally consistent with the previous results of the analytical
model and Monte Carlo simulation [3-5], suggesting that
timestamp recovery is experimentally feasible with a standard
detector configuration. Furthermore, analysis of experimental
data obtained from three different source positions arranged at
10 mm intervals revealed that the peak position of the time-
difference histogram shifted by approximately 66 ps for each
step, confirming that the recovered timestamps are also
effective for TOF estimation.

Photons: 1 2 3 =

-h
(4]

S
X8pul uojoud

1800 1850 1900 1950

Time (ps)

2000 2050 2100

Figure 3 An example of photon timestamps visualized using the proposed method.
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Figure 4 CTR behaviors estimated from the recovered photon timestamps.
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Conclusion

In this study, we experimentally recovered photon timestamp
information by combining deep learning with physical
knowledge and we evaluated its validity through CTR
The experimental results exhibited photon
behavior consistent with previous studies based on theoretical
calculations and Monte Carlo simulations, suggesting that the
attempt to recovery timestamps in a standard PET detector

verification.

configuration represents an important step toward bridging
theory and experiment. Furthermore, as the proposed method
can obtain timing information on a photon-by-photon basis, it

also has the potential to realize the functionality of a digital

L ToOEEZRRT 2R REOMD TN, SiPM
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Introduction

QST researchers proposed whole gamma imaging (WGI),
which is a novel concept combining PET and Compton imaging
[1-3]. WG offers PET imaging of positron (8*)-annihilation 511
keV y-ray pairs and Compton imaging of single y-rays by using

a dual-ring detector arrangement.

There are various potential novel applications for WGI, one of
which is simultaneous imaging of multiple radioisotopes. Since
* emitters can be visualized by PET and single y-ray emitters
can be visualized by Compton imaging, simultaneous imaging
is theoretically possible. In this study, we focused on the
combination of 8F and ®2Zr. '®F is the most widely used
radioisotope for PET and 89Zr is often used for antibody-based
imaging. The decay schemes of '®F and %Zr are shown in
Figure 1. PET can visualize the combined distribution of '8F
and 82Zr, while Compton imaging (909 keV y-rays) can
independently visualize the distribution of #2Zr. Therefore, it
may be possible to separately visualize the distribution of 8F
by making the subtraction image between PET and Compton
images. Here, we report results from our simultaneous imaging
experiment of 89Zr and '®F using the latest WGI 4™ prototype
(WGI-4).

(b)
(78.4 h)

EC 77.3%
B*22.7%

/

(15.7 s)

l/ y-ray (909 keV) 99.0%

(stable)

Figure 1 Decay schemes of '®F (a) and Zr (b).
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Specifications of WGI-4

Figure 2 shows configurations and specifications of WGI-4. We
used HR-GAGG scintillators, which were collaboratively
developed with Tohoku University researchers [4], for scatterer
detectors. In addition, we used a crosshair light-sharing (CLS)
configuration to get depth-of-interaction (DOI) information [5].
For absorber detectors, we used fast-LGSO scintillators with a
one-to-one coupling to a SiPM photosensor. The 2024 Report
on PET Imaging Physics Research [6] provides detailed
specifications.

Spatial resolution evaluation using ®Zr rod phantom

As a preliminary study, we evaluated the spatial resolution of
PET and Compton imaging using an 8Zr rod phantom (3.7
MBq). The measurement duration was 60 min, and image
reconstruction was performed with the ordered subset
expectation maximization (OSEM) algorithm. Figure 3 shows
PET and Compton images that resolved 2.2 mm rods and 3
mm rods, respectively.

(O

304 mm }
, \ 168 mm
79 mm
Sy o
Y O ‘ ;.—n: Absorber detector
" ; o R (LGSO)
() , [ s |
\.—’ S -
Scatterer detector
Axial view Side view (HR-GAGG)

89Zr-filled rod phantom

3mm

PET

DIOIGE

Compton
(909 keV)

Figure 3 Spatial resolution evaluation with the 8Zr-filled rod phantom, and the PET and Compton images.
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Simultaneous %Zr/'®F imaging in multiple myeloma mice

Male mice (C57BL/6, 6 weeks old) were injected with myeloma
cells (Vk14451-EGFP [7]) via their tail vein. Five weeks later,
we confirmed an increase of plasma IgG2b, which denotes the
development of multiple myeloma (MM). The MM model
injected  with  8Zr-anti-CD38-antibody
(daratumumab) (5.6 MBq) at three days before the
measurement and with '8F-NaF (4.3 MBq) at 60 min before the
measurement. Measurement was performed for 60 min under

mouse was

anesthesia. PET and Compton images were reconstructed
with the OSEM algorithm. To separately visualize the '8F
distribution, we made a subtraction image (PET - Compton
image).

Figure 4 shows the PET, Compton, and subtraction images
(maximum intensity projection (MIP) images). PET visualized
uptakes in bone, liver, and bladder, while Compton imaging
visualized uptakes in liver and spleen. On the subtraction
image, uptakes in liver and bladder could be identified. It is
known that 8Zr-anti-CD38-antibody highly accumulates in the
spleen of MM model mice [8]. The Compton image and
subtraction image were similar to each single-isotope imaging
result with 8Zr-anti-CD38-antibody and '8F-NaF, respectively
(Figure 4 right). This suggests that WGI can separately
visualize %2Zr and '8F distributions separately even for
simultaneous measurements.

Discussion

The reason why the image-based subtraction approach
worked well would be due to improved performance of
Compton imaging, which reduced the difference in spatial
resolution between PET and Compton images. Since the half-
life of 8Zr is 78 h, imaging with other PET tracers is challenging
after injection of a 8Zr-based tracer. WGI offers the potential
to perform PET imaging with other tracers even when %2Zr

remains in the body.

There is a similar approach for multi-isotope imaging using
PET, which is a combination of a B*-y-ray emitters (e.g., '?*l)
and a pure B* emitter (e.g., '®F). Using double and triple
coincidence counts, a *-y emitter and a pure B* emitter were
separately visualized [9]. However, this approach only works
for B*-y-ray emitters; so it cannot be applied for the

combination of 8Zr and '8F.
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Figure 4 ®Zr-anti-CD38-antibody and '®F-NaF multi-isotope imaging results (left) and single-isotope imaging results (right).
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Z Conclusion

WGI-4 #BWTZRUEBHBBET L~ 7 XD ¥Zr-  In this study, we conducted simultaneous imaging of 8Zr-anti-
anti-CD38-antibody/®F-NaF [RFIRERAEK % 1TU\. CD38-antibody and '®F-NaF in an MM model mouse. We
897r EfEE BF EFAHBEEL TEEILTES T &%  demonstrated that WGI can separately visualize 89Zr and '8F
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AL 7=, distributions in a simultaneous measurement.

Acknowledgements
Collaborators Miwako Takahashi, Hideaki Tashima, Eiji Yoshida, Sodai Takyu, Yuma lwao, Han Gyu Kang,

Fumihiko Nishikido, Akram Hamato, Fujino Obata, Hidekatsu Wakizaka, Taiga Yamaya, Aya Sugyo,
Atsushi Tsuji (QST), Mariko Ishibashi (Nippon Medical School), Yoichi Imai (Dokkyo Medical University),
Kyoung Jin Kim, Kei Kamada, Akira Yoshikawa (Tohoku University), Shigeki Ito (Mirai-imaging Inc.)

References

(1]
(2]
(3]
[4]
[3]
(6]
[7]
(8]

9]

E. Yoshida, et al., “Whole gamma imaging: a new concept of PET combined with Compton imaging,” Phys. Med. Biol., 65,
125013, 2020.

H. Tashima, et al., “Compton imaging for medical applications,” Radiol. Phys. Technol., 15, 187-205, 2022.

T. Yamaya, et al., “Whole Gamma Imaging, challenges and opportunities,” PET Clinics, 19, 83-93, 2024.

K. Kim, et al., “Growth and optimization of the scintillation properties of Gds(Ga,Al)sO+2 single crystals for WGI applications,”
J Cryst. Growth, 652, 128014, 2025.

E. Yoshida, et al., “A crosshair light sharing PET detector with DOl and TOF capabilities using four-to-one coupling and single-
ended readout,” IEEE Trans. Radiat. Plasma Med. Sci., 5, 638-644, 2020.

G. Akamatsu, “Energy calibration for the WGI 4™ prototype,” 2024 Report on PET Imaging Physics Research, 15-18, 2024.
M. Chesi, et al., “IAP antagonists induce anti-tumor immunity in multiple myeloma,” Nat. Med., 22, 1411-1420, 2016.

G. Ulaner, et al., “CD38-targeted immuno-PET of multiple myeloma: from xenograft models to first-in-human imaging,”
Radiology, 295, 606-615, 2020.

E. Pratt, et al., “Simultaneous quantitative imaging of two PET radiotracers via the detection of positron-electron annihilation
and prompt gamma emissions,” Nat. Biomed. Eng., 7, 1028-1039, 2023.

40



PET

3R WG

70 =

E

HE =8 LEH

Hideaki Tashima, Senior Principal Researcher

FL®IC

T4 W BEFEEEDH TS whole gamma imaging
(WGI) %, PET (ICavy 7 b A X =0 OifliE
HAEDERZ LT, BAKH Y iRE BB ICH

BrzzMmEEMTthY . BELERHEEY » 7% PET
BHEY v ORAIICEEBT S22 & TEREIND

(1], o FTICHEFE LN REERICK Y PET &
B(Z8% 3D OV b A A=Y I MREA R L
7= [2], F7-. PET &iEH o HE S N5 HBIETHR
D5 b, WEEDPET ClERIBEHTCEAD »72H D
HFAVIT R UAA =TV TORBICEODVWTHET
%z &7, PET BE %&%TﬁéT%ﬁ%y\lv
—>avIit&YiRL 3], & nic, EFEDORE

. PET Etréar 7 b vEHREBEN »%L\’C
WGl oEE%2Y 7 b7 7HICALEE S 3HEER
PET - v 7+ EGRBEREOAFXZHRE L -

[4], £7-. EERFEHRTEFEINTWS ¥Zr o
K51, BEFREICNMATERZZAI VI TY

VIONAYRBEBRHET AETIE. WGl Ik Y >
VIONAVRBEE AT E ARV NELTRZD
JET IOLRIREALNBEFTES, BB, N
FTOYIal—rarvRETEEIRILT DR
BED SitHZBAIRE L, BEHUABEHEFREL TL
=h. WIRO WGl SRIEEBD Y S hvA X =Y
71 PET ICHERNTZERIDBEN S B0, MEDE
HBETEARY M EHEAEHED & ’GI_IEEK%#‘
AN EINETRHONICT IRHELNH D, T I THK
IR TIE, BEENEGBERT °Zr WGl ITERA L.
PET BB EMR % EERRYICIRAE L 7=,

K&

FHZER PET - o> 7 b vEGRBEERIEIZ. UTO
BEEEE LTERLENS,

max L(yp|,) + LOelxe) = BU (%)
pic

{5 18 Bl i D ERRRYAIREE

Experimental validation of synergistic WGI reconstruction

41

2025 Report on PET Imaging Physics Research

Introduction

Whole gamma imaging (WGI), which we have been
developing, is a unique imaging technique that incorporates
Compton imaging technology into PET, enabling the utilization
of various gamma rays for imaging. WGl is realized by placing
a scatterer detector ring inside a PET detector ring [1]. We
have developed small prototype systems and demonstrated
3D Compton imaging performance that approaches that of
PET [2].

simulations that some of the annihilation gamma rays emitted

In addition, we have demonstrated through

from PET radionuclides, which cannot be detected in
coincidence by conventional PET, can be measured based on
the principle of Compton imaging, thereby potentially
enhancing PET image quality [3]. Furthermore, in last year’s
report, we presented the development of a synergistic PET—
Compton image reconstruction method that improves WGI
image quality through software-based joint utilization of PET
and Compton images [4]. Moreover, for radionuclides such as
897r, which have recently attracted attention for antibody
labeling and for emission of single gamma rays at timings
different from positron annihilation in addition to positron
decay, further sensitivity improvement can be expected by
detecting these single gamma rays as Compton events using
WGI. We should note that, in previous simulation studies,
silicon detectors with high energy resolution were assumed,
whereas in our current WGI prototype system, Compton
imaging has inferior spatial resolution compared with PET.
Therefore, we need to clarify whether image quality can be
improved by combining measurement events with different
characteristics. In this study, we applied the synergistic image
reconstruction method to %Zr WGI and experimentally
evaluated its effectiveness in improving PET image quality.

Methods

The synergistic PET and Compton image reconstruction

method is formulated as the following optimization problem:

€y
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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. U(xp,xc) represents prior
information about the correlations between PET and Compton
images, and B is a hyperparameter that controls the influence
of the prior distribution.

Iterate -3 steps

wal | pET O MAP-EM Updated
events PET image
—4—|
@l Calc. prior |
Compton l Updated
events @ MAP-EM Compton image

Figure 1 Overview of the synergistic PET-Compton image reconstruction method for WGI.
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Figure 1 shows an overview of the derived synergistic
reconstruction algorithm for WGI. The method has three
alternating  optimization processes: (1) PET image
reconstruction using the maximum a posteriori expectation
maximization (MAP-EM) algorithm with the one-step-late
method [8]; (2) Compton image reconstruction using the MAP-
EM algorithm with the OSL method; and (3) update the energy
function (prior) about the correlations between PET and
Compton images. The energy function used for PET and
Compton images, which represent the same distribution but
with different resolutions, is defined as follows (reversed
Gaussian prior)

(5), — (),
xX,). — (xc);
pJj clj
_— 2
5 @
where ] is the number of voxels, j is the voxel index, and §
is a parameter that accounts for differences in voxel values due
to resolution. In this study, we empirically determined the

parameters 8 and 6.

To demonstrate the effectiveness of the proposed synergistic
reconstruction method for #Zr imaging, we measured the
NEMA NU-4 image quality (IQ) phantom filled with a 89Zr
solution of 4.5 MBq for 2 min using the WGI small prototype
[5]. The prototype consisted of GSOZ scintillators of
2.85x2.85x7.5 mm?® for both scatterer and absorber detector
rings. PET and 909 keV Compton events were extracted from
recorded singles events by offline software. It should be noted
that we did not extract 511 keV Compton events. We compared

the proposed method with the maximum likelihood expectation
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Z F W 7 maximum likelihood expectation maximizaton (MLEM) method using only PET events
maximization (MLEM) &I & 2 BEBEMZIT>  Normalization was applied for both cases. For 1Q evaluation,
oo BEFHEOT2H, NEMA NU-4 TRES NS / we analyzed reconstructed images to determine the IQ indices
14 1812 (%STD: percent standard deviation) &
o> b7 X MIEE (BRC: percent recovery
coefficient) & REFITKS, b L — N4 7 ZFHf L
7=

of the percent standard deviation (%STD) and the percent
recovery coefficient (%RC), as defined by NEMA NU-4, for

each iteration to assess the trade-off.

(c) (d)

Figure 2 WGI measurement of NU-4 1Q phantom (39Zr): the WGI small prototype (a), the image reconstructed with the
proposed method for the cold (b), the uniform (c), and the rod (d) regions. The numbers in (d) indicate the rod diameters (mm).

pieg=cy Results

Figure 2 ICEEZEEICL > TESN-BEREGRY Figure 2 shows the reconstructed PET images obtained by the
R, MLEME & 8L <. BEMAZRAE SN p.rop.o.sed m.ethod. Allthougr? we could not observe a visually
Femoth. kL— R4 7E Tt 2mm Oy K §|9n|f|cant dlf.ference in the image reconstructed by MLEM,.IQ

index analysis for the trade-off between contrast and noise
SED B DT (Figure 3. B, A REBETIE showed a difference for the 2 mm rod (Figure 3). As in the first
H—EDOPERDT+9 T/ A XFH\EIZKE /N1 T four iterations, the %STD was affected by non-convergence

ANIASNTZT=, b RIEBLU% 20 K1E£X T% 70 bias. We therefore started the plot from five iterations and
v b L7, continued to 20 iterations for both cases.

& Conclusion

1224 2T\ PET- 3V 7 F VESRE WGl /NFY By applying the proposed synergistic PET-Compton image
SEMED 7y BIE SIS LR, PET L Y HEE reconstruction method to 8Zr WGI measurements with our
AL BaY T R //f XD PORET — & Tl H prototype, the results we obtained suggested that, although the
2600, PET ICHEAEHE CTEGRBBRZIT) Z
ETC.BEEDORALICHEET A EATE, AV TR
b&/ A XDRENTE D ABMEATRE NI, 5 a further optimization of image reconstruction parameters and
B BEBRBBHR/ AT XA -0 LR 2B, LU a validation incorporating additional Compton events of 511
511keV DHBBEHIRDO A T h ANy hEE S keV annihilation gamma rays. Furthermore, it is worth noting

ICHABRDE TR ZITO FETH D, £7o. HHEH  that the proposed synergistic reconstruction method can be
WGl BiRBEMEIZ. FERIBROERETRE T, 97 extended to accommodate different radioactive distributions
DELIEGTCHHEBERIER S A FHL ’C@E between PET and Compton images by modifying the prior
WEHETADA8EUELH D0, LFfEA X —< > design. Therefore, we intend to develop a prior design suitable
FSICBL-BRIEHRRAA21TO) FETH D, for multi-tracer studies.

image quality of the Compton imaging data is inferior to that of
PET, combining Compton imaging data with PET can
contribute to improving image quality. As future work, we plan
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Figure 3 Trade-off curves between contrast and noise for the proposed method combining PET and Compton events and for

the MLEM method using PET events only.
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Introduction

Whole gamma imaging (WGI) is a new nuclear medicine
imaging method that combines PET and Compton imaging
technologies [1]. By inserting a scatterer detector ring inside a
PET detector ring, the two different imaging modalities can be
realized within a single system. In WGI, in addition to
simultaneous imaging of PET and SPECT tracers, the use of
radionuclides that emit both positrons and gamma rays, such
as ®7Zr, is expected to enable high-sensitivity PET through
hybrid imaging. At QST, we have developed four small-animal-
sized WGI prototypes and reported the achievement of
Compton imaging performance close to that of PET imaging
[2-4].

In this study, we designed a whole-body WGI system based on
the knowledge gained from developing the small-animal-sized
it is

the
expansion of the scatterer detector ring diameter and the
shortening of the distance between the scatterer and absorber
detectors are expected to degrade the spatial resolution of

WGI prototypes. For human whole-body imaging,

necessary to enlarge the aperture. Consequently,

Compton imaging. Furthermore, with the larger aperture, the
influence of the source position within the field of view (FOV)
on sensitivity and resolution is considered to become more
pronounced. Therefore, in this study, we investigated the
influence of the detector ring diameter and the position of the
imaging target on imaging performance using Monte Carlo
simulations. The detector configuration was designed by
considering the body dimensions of a standard Japanese adult
and the dimensions of the CT bed to be used, and by adjusting
the system so that the center of the patient's torso aligns with
the center of the FOV.

Simulated systems and image quality evaluation

Using Geant4, we modeled whole-body WGI systems
employing HR-GAGG scintillators for the scatterer detectors
and LGSO scintillators for the absorber detectors (Figure 1,

Table 1).
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First, to evaluate the influence of detector diameter on basic
performance, we performed simulations using an #Zr point
source. For this, we varied the absorber detector ring diameter
from 800 to 1020 mm and the scatterer detector ring diameter
from 480 to 560 mm, while evaluating the angular resolution
and Compton sensitivity for each configuration. For angular
resolution, the full width at half maximum (FWHM) of the
angular resolution measure (ARM) was calculated. The
Compton sensitivity was defined as the ratio of the number of
valid 909 keV Compton events to the total number of 909 keV
gamma rays generated. The number of detectors was set to
the maximum number that could fit within the configured ring
diameter.

Next, based on the point source evaluation results, we fixed
the scatterer detector ring diameter at 540 mm and evaluated
the influence of the difference in absorber detector ring
diameter (800 mm or 1020 mm) on imaging performance. An
8Zr-injected Derenzo-like phantom was used for this
evaluation and it was placed at the center of the FOV and at a
position 220 mm from the center (Figure 2). The Derenzo-like
phantom consisted of rods with diameters of 10, 8, 5, 4, and 3
mm. Image reconstruction was performed using the ordered
subset expectation maximization (OSEM) method [2], with 8
subsets, 20 iterations, and a voxel size of 1.5 x 1.5 x 1.5 mm®.

Absorber(PET ring)
Front view Side view LGSO o] =3 mm
- [===N "
20 mm
g AE=13.7%@511 keV
- 50 - 64 det. X 3 rings
S Scatterer
& GAGG | »f<1-5 mm
= oscoe @=——— 3-layer DOl —
> *
136 mm 5 mm
= AE= 4.6%@511 keV
156 mm 58 - 66 det. X 5 rings

Figure 1 lllustrations of the simulated clinical WGI geometries.
Table 1 Major specifications of the simulated geometries.
Absorber Scatterer
(PET 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? 1.5x1.5x5mm?3
Number of crystals per detector 8x8x1 16 x 16 x 3
Depth-of-interaction (DOI) Non-DOI 3-layer DOI
Number of detectors (per ring) 150 - 192 (50 - 64) 290 - 330 (58 - 66)
Number of rings 3 5
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Figure 2 The simulated Derenzo-like phantom structure (left) and its positions inside the WGI system (right).
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Results

Figure 3 (a) shows the angular resolution for each detector
configuration. We confirmed that the angular resolution tended
to improve as the scatterer detector ring diameter was
decreased and the absorber detector ring diameter was
increased. Figure 3 (b) shows the Compton sensitivity for 909
keV gamma rays. Although sensitivity was improved with the
increasing scatterer detector ring diameter and decreasing
absorber detector ring diameter, the influence of the scatterer
detector ring diameter was relatively small, remaining within a
maximum change of 0.03%.

Figure 4 (a) shows the PET images of the Derenzo-like
phantom. In PET imaging, a rod resolution of 3 mm was
confirmed regardless of the phantom position or the detector
ring diameter. Figure 4 (b) shows the Compton images of the
Derenzo-like phantom. At the center of the FOV, a rod
resolution of 10 mm was observed for an absorber detector
ring diameter of 800 mm, whereas a rod resolution of 8 mm
was confirmed for an absorber detector ring diameter of 1020
mm. At the periphery (offset 220 mm), a rod resolution of 5 mm
was confirmed under both conditions.

0.5
0.4 1
0.3
—— Scatter Diameter560 mm
029 | —— Scatter Diameter540 mm
—— Scatter Diameter520 mm
011 —— Scatter Diameter500 mm
—— Scatter Diameter4d80 mm
0.0

800 860 900 960 1000 1020

Absorber Diameter [mm]

Figure 3 Evaluation results of angular resolution (a) and Compton sensitivity (b) for each detector configuration.
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Figure 4 Derenzo-like phantom simulation: PET reconstruction images (a) and Compton reconstruction images (b).

FeH Conclusion

AT v Ial—aricky 258 WGl In this study, we evaluated, through simulations, the effects of
EEORIHEY v IR & U?ﬂﬂ%@ﬁ%‘i@m%ﬁ‘ﬂ > the detector ring diameter and the position of the imaging
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improved by increasing the absorber detector ring diameter
and becomes higher toward the periphery of the FOV. In our
future work, we will pursue realization of an optimal design for
the whole-body WGI system, taking into account the trade-off
with sensitivity.
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Introduction

Both amyloid PET and cerebral blood flow SPECT are useful
tools for the diagnosis of Alzheimer’s disease. Whole gamma
imaging (WGI), which we are developing at the National
Institutes for Quantum Science and Technology (QST), is a
novel nuclear medicine imaging approach that combines PET
and Compton imaging by placing a scatter-detector ring inside
a PET ring [1, 2]. Compton imaging can visualize single-
photon—emitting radionuclides across a wide energy range,
including those used for SPECT. Thus, if we can develop a
brain-dedicated WGI system, simultaneous PET/SPECT
the

complementary datasets in a single measurement without

acquisition would enable collection of multiple
spatial misregistration, which is expected to facilitate more

rapid and accurate diagnosis.

At QST, we have previously developed small-animal-sized
WGI prototypes mainly targeting 8Zr imaging [3]. The gamma
rays emitted from 8Zr are high-energy (909 keV), whereas the
gamma emissions from SPECT radionuclides commonly used
in clinical practice, **™Tc and 2|, are substantially lower, at 141
keV and 159 keV, respectively. With the current WGI prototype,
most gamma photons from SPECT radionuclides are fully
absorbed by the scatter detector, making the detection of

Compton events challenging.

To address this issue and realize a WGI system capable of
simultaneous PET/SPECT imaging, it is necessary to develop
a scatter detector optimized for Compton imaging of low-
energy gamma rays. In this study, we selected LaBr; and
GAGG as candidate scintillators—both exhibiting high light
yield and promising energy resolution even at low energies—
and we performed thickness optimization. We also conducted
imaging simulations at the optimized scatter-detector

thickness to predict the system imaging performance.
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Figure 1 The simulated geometries of brain WGI.
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Scatter detector parameter optimization

To determine the optimal thicknesses of LaBr; and GAGG for
Compton imaging of low-energy gamma rays, we modeled the
geometry shown in Figure 1 using the Geant4 Monte Carlo
simulation toolkit and evaluated Compton sensitivity and
angular resolution while varying only the thickness of the
scatter detector. A point source was assumed at the center of
the field of view, emitting photons of 141 keV and 159 keV. The
source activity was set to 1 MBq, and the acquisition time was
set to 60 s. Energy windows for the scatter detector, absorber
detector, and their sum were set as follows: for 141 keV, 5-30
keV, 90-150 keV, and 120-160 keV, respectively; for 159 keV,
5-38 keV, 100-180 keV, and 130-190 keV, respectively. A
coincidence timing window of 2 ns was applied to extract
Compton events at 141 keV and 159 keV. Compton sensitivity
was defined as the fraction of valid extracted events relative to
the number of emitted photons. Angular resolution was
evaluated as the full width at half maximum (FWHM) of the

angular resolution measure (ARM).

The dependence of angular resolution on scatter-detector
thickness is shown in Figure 2, and the dependence of
Compton sensitivity is shown in Figure 3. Changes in
scatter-detector thickness had no appreciable effect on
angular resolution, whereas Compton sensitivity exhibited a
unimodal curve with a clear peak in all cases. Although the
thickness at which sensitivity peaked differed between 141 keV
and 159 keV, taking into account that ®™Tc is the tracer
predominantly used for brain perfusion SPECT and that overall
sensitivity was higher at 159 keV, we used the peak value at
141 keV as the reference and selected scatter-detector
thicknesses of 3.5 mm for LaBr; and 2.0 mm for GAGG.
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Image quality prediction by imaging simulation

Using the same geometry as in the thickness optimization
study, a 141-keV Derenzo-like phantom, as shown in Figure 4,
was simulated at the ring center. Scatter-detector thicknesses
of 2.0 mm for GAGG and 3.5 mm for LaBr; were adopted. The
radioactivity was set to 1 MBq, and the acquisition time was
set to 1000 s. Energy windows for the scatter detector,
absorber detector, and their sum were set to 5-20 keV, 101-
151 keV, and 131-151 keV, respectively, and a coincidence
timing window of 2 ns was applied to extract 141-keV Compton
events. Image reconstruction was performed using the 3D-
ordered subset expectation maximization (3D-OSEM) with 16
subsets and 30 iterations [2].

At the periphery of the field of view, rods with diameters down
to 10.0 mm for LaBr; and 12.5 mm for GAGG were resolved.
Although a tendency toward degraded spatial resolution was
observed as the position approached the center of the field of
view, under the rod arrangement used in this study, rods with
diameters up to 15.0 mm were visually distinguishable for both
detectors, albeit with reduced clarity.
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Figure 4 The structure of the Derenzo phantom and simulated brain WGI geometry.

Figure 5 The results of imaging simulation with LaBr; (left) and GAGG (right) for the scatterer detector.

E R a.))

PET/SPECT RIRF&ER N AIBEZR BEERF WGI IR (C
M. EE4 SPECT ZEIRKETH S ®Tc & 2| %
AE L. 141 keV B L1159 keV #AIEN G & L7
BELBESRoRBBE LYy T A=
MEEDF R ZIT -7z, T DIFER. BEFLICEN - T
TEDRENL LT ZEAN AN DD, BREL
SR IFWEEEICT 10 mm DOy FORENS
Hitz, StiE. NEMA BEOFHE Y 7> b L&A
Wy Ial—YavaERmBL, /A XEE5HTHE
BIMAEIT) FETH D,

Acknowledgments
Collaborators

References
[1]
125013, 2020.
[2]
[3]
Nucl. Med. 65,2,241604,2024.

52

Conclusion

To realize a head-dedicated WGI
simultaneous PET/SPECT imaging, we optimized the scatter

system capable of

detector and predicted Compton imaging performance by
assuming the major SPECT radionuclides, **™Tc and ', and
targeting photon energies of 141 keV and 159 keV. The results
showed a tendency for spatial resolution to degrade toward the
center of the field of view; however, a rod resolution of 10 mm
was achieved in regions close to the scatter detector. In future
work, simulations using NEMA standard evaluation phantoms
will be performed to assess image quality, including noise

characteristics.
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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. This property is used in the analysis of solid
and polymeric materials [1]. By effectively utilizing this
property, it may be possible to extract new information about a
human body by using the positron lifetime [2, 3]. 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
[4].
applications for identifying treatment-resistant hypoxic cancer
[5, 6] and for imaging radical-related information [7].

(positrons) We have previously reported potential

Positron lifetime imaging has already begun in humans [3, 8].
However, there is little data directly correlating lifetime value
with disease [9]. This is because biological tissues are complex
and heterogeneous, making it difficult to measure positron
lifetimes in vivo. To realize Q-PET, it is necessary to create a
database of lifetime values for biological samples. On the other
hand, one of the issues of positron-based material analysis is
that only the surface of a sample can be analyzed (due to the
short range of the positron).

Recently, researchers at the UltraViolet Synchrotron Orbital
Radiation Facility (UVSOR) at the Institute for Molecular
Science, National Institutes of Natural Sciences (NINS), have
developed a technology to irradiate a gamma-ray beam with a
diameter of several millimeters [10]. Because the energy of this
beam is 6.6 MeV and greater than 1.022 MeV, pair production
can occur in a sample and typically a positron is produced. This
technology is being used at UVSOR for research on positron-
based homogeneous material analysis.

We therefore conceived the idea that by applying this beam
and the principle of PET, we can image the position and lifetime
of positrons generated deep inside a sample (up to 10 cm) and
realize depth-directed material analysis (Figure 1 (a)). The
positron lifetime is imaged by treating the time of beam output
as the start and the detection time of the 511 keV annihilation
gamma-ray pair as the stop. If this technique can be realized,
it is possible to analyze in vivo heterogeneous biological
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samples (including for the lifetime database construction) and
relatively large solid and polymeric materials in three
dimensions. In this report, as an initial experiment, we
attempted to image the positrons generated by this beam and
their lifetimes. The experiment was carried out at UVSOR
(project numbers 24IMS6804 and 25IMS6601). Figure 1 (b)

shows a photograph of the gamma-ray beam irradiation setup.

Alﬁ?
Figure 1 A simple illustration of the principle of the proposed method. By irradiating the gamma ray beam onto a sample,
positrons are produced by pair production. The positron distribution is imaged using the principle of PET (a).
A photo of the gamma-ray beam irradiation setup at UVSOR and the position of the detectors (b).

Materials and methods

A pair of PET detectors was used, consisting of a 3.2x3.2x20
mm?® LGSO scintillator 8x8 array coupled to a 3.2 mm pitch
MPPC 8x8 array module. The energy resolution was 12% at
511 keV, and the time resolution was 1.8 ns. The analog
signals from the detectors were processed by NIM modules
and digitized by a CAMAC system. The detector pair was
placed parallel to the beam direction, facing each other at a
distance of 10 cm (Figure 2 (a)).

Two types of plate-shaped samples were used for irradiation:
single-crystal silicon (Si, density 2.33 g/cm®) and quartz glass
(SiO,, density 2.2 g/cm®). The size of both samples was
10x10x5 mm3,
approximately 200 ps and 1.6 ns, respectively, measured by

The lifetime values for Si and SiO, were

the brain-dedicated PET scanner VRAIN having a time
resolution of 229 ps [6]. Sections of 5 mm length were
separately placed on the beam axis. The ends were positioned
5 mm to the left and 5 mm to the right of the center position
between the detectors. This meant there was a 1 cm air gap
between them.

The irradiation conditions were 50 gamma rays per one beam
(50 gamma rays per one beam were irradiated completely
simultaneously); frequency 1 kHz; and beam diameter 3 mm.
The beam was irradiated for 10 hours. Triple coincidence data
were recorded for the beam start time and the detection time
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at one pair of the detectors. The coincidence window width was
30 ns. The data were analyzed, and a simple 2D back-
projection image was obtained. An illustration of the imaged
plane is shown in Figure 2 (b).

LGSO
array

EQ—Er—SiOZ

s
7

[

i

Imaged plane

Figure 2 A photo of the experimental setup (a); and an lllustration of the imaged plane and irradiated samples (b).
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Results and discussion

Figure 3 (a) shows the acquired 2D back-projection image. The
pixel size of the image is 3.2 mm. There are regions with a high
number of events on the left and right sides of the image, which
are presumed to be the locations of the irradiated samples.
Meanwhile, a certain number of events also occurred in the air
gap between the samples. As shown in Figure 3 (a), we
focused on four pixels near the location of each sample. Two
detection time difference spectra were generated from the
events projected onto these pixels (Figure 3 (b)).

Figure 3 (c) shows a simplified diagram illustrating the lifetime
components and how we calculate the lifetime value in the
detection time difference spectrum. The component that
decays with elapsed time according to the formula e t/H s
the lifetime component, and y is the lifetime value (shown in
red in Figure 3 (c)). Figure 3 (d) shows two normalized spectra
for comparison. The normalized counts are clearly different in
the 0-15 ns range. We successfully observed different lifetime
components for the two types of samples.

Conclusion

We proposed a positron lifetime imaging analysis technique
using the UVSOR gamma-ray beam and attempted to image
the generated positrons and their lifetimes. We successfully
performed a simple 2D PET imaging of the positron distribution
and observed different lifetime components of two types of
materials. However, we found that improvement of imaging
accuracy and better understanding of the radiation field around
the sample during beam irradiation are necessary.
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surrounded by different colored squares (b); a conceptual diagram of the positron lifetime component and its lifetime value in the
spectrum (c); and two detection time difference spectra normalized for comparison (d).
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Introduction

Preclinical positron emission tomography (PET) has been
playing an important role in new drug discovery for
neurodegenerative diseases [1]. Previously, we developed a
submillimeter-resolution PET (SR-PET) to achieve 0.55 mm
spatial resolution [2]. However, the spatial resolution was still
not sufficient to identify small mouse brain structures such as
the amygdala and cerebellar nucleus. Last year, we optimized
the crystal layer design with GATE Monte Carlo simulations to
achieve sub-0.5 mm resolution. In this report, we present the
development results of a half-millimeter resolution PET (HR-
PET) with the optimized crystal layer design for mouse brain

imaging [3].

Methods

The developed HR-PET has a 48 mm inner diameter and 23.4
mm axial field-of-view (FOV) (Figure 1). The HR-PET consists
of 32 depth-of-interaction (DOI) detectors with a 2-ring
structure. Each DOI detector has a 3-layer LYSO crystal array,
a lightguide, and a silicon photomultiplier (SiPM) 5x5 array.
The LYSO crystal pitch is 0.8 mm. We used a 0.1 mm thick
layer of BaSO,4 powder as a reflector material to reduce the
crystal decoding error [4]. The 1%t (3 mm), 2" (3 mm), and 3
(5 mm) layers are stacked with relative offset configurations to
encode DOI information.

(b) HR-PET with staggered 3-layer DOI detector

Amplifier board _

LYSO crystal pitch

1% (3 mm)

of the HR-PET and staggered 3-layer DOI detector (b).
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We developed custom-made front-end electronics to multiplex
the SiPM signals by using a resistive network. The multiplexed
signals were transferred to an amplifier board. Subsequently,
the amplified signals were sent to a 320-channel data
acquisition (DAQ) system for digitization. The digitized energy
and timing signals were transferred to a PC via optical fiber
cables. Coincidence events were identified by using custom-
made software with a coincidence window of 10 ns and an
energy window of 440-560 keV.

To evaluate the spatial resolution, a NEMA #Na point source
(diameter = 0.25 mm) was scanned by the HR-PET at different
radial offset positions. For image reconstruction, the filtered
back projection (FBP) algorithm was used. To evaluate the
imaging performance, a resolution phantom having six
different rod diameters (0.45, 0.5, 0.55, 0.75, 0.8, and 0.85
mm) was filled with '8F (1.2 MBq) and scanned for 60 min. The
voxel size was 0.2x0.2x0.2 mm?®. For data correction, we used
normalization. However, we did not use attenuation correction
and scatter correction due to the small size of the mouse brain
(10 mm).

For in vivo mouse brain imaging, we administered 'F-FITM
tracer (8.4 MBq) via the tail vein to a healthy mouse during
awake conditions. The "8F-FITM tracer is a PET ligand that
binds to metabotropic glutamate receptors in the central
nervous system [5]. The mouse was scanned by the HR-PET
for 30 min under an anesthetized condition. For ordered subset
expectation maximization (OSEM) image reconstruction, 10
iterations and an image domain blurring kernel size of 1 mm
were used. For imaging performance comparison, the same
mouse was also scanned for 30 min by a commercial Inveon
PET scanner followed, by the 3D OSEM algorithm using 16
subsets and 9 iterations.

(b) Amplifier board

-
Pole-zero-cancellation circuit
Timing signal

~~o
~ao

Rf  Rpz

Figure 2 Front-end board with two DOI detectors (a) and amplifier board (b).
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Results and discussion

The reconstructed PET images of the NEMA 22Na source at
different radial offset positions were obtained with both HR-
PET and SR-PET using FBP (Figure 3). The radial resolution
was obtained by calculating the full width at half maximums of
the line profiles. The HR-PET showed around 30% (0.3 mm)
better radial resolution than that of the SR-PET.

The photo and reconstructed PET images of the resolution
phantom obtained with the HR-PET are shown in Figures 4 (a-
b). The valley-to-peak ratio (VPR) was obtained from the
outermost line profile of the 0.45 mm rod diameter structure
and is shown in Figure 4 (c). The 0.45 mm rod structure was
resolved with the VPR of 0.687, which was below the Rayleigh
criterion (0.735).

With the HR-PET, small mouse brain structures such as the
thalamus, hypothalamus and amygdala were well identified.
However, the same mouse brain structures could hardly be
resolved with the commercial Inveon PET due to the limited
resolution of around 1 mm.

(b) Radial resolution with FBP
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Figure 3 The reconstructed PET images using FBP with the HR-PET and SR-PET (a) and corresponding radial resolutions (b).
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Figure 4 A photo (a) and reconstructed PET image of the resolution (b), line profile of the 0.45 mm rod diameter structure.
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Figure 5 The reconstructed PET images of a mouse brain obtained using the OSEM algorithm with the HR-PET (a) and Inveon
PET (b).
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Introduction

Medicinal drugs are put into practical use through animal
experiments and clinical trials. However, the success rate of
regulatory approvals of the drugs from basic research is
extremely low and increasing efficiency is required. One
approach is screening of candidate medicines before animal
experiments using iPS cells of patients. For example,
prediction of side effects is done by imaging the uptake of the
candidate medicines into cells. Although fluorescence imaging
is often used as one type of cell-sized imaging techniques, the
fluorescent probes have large molecular weights, and they
may not directly confirm cellular uptake. In contrast, nuclear
medicine imaging allows radioactive isotopes (RIs) to serve as
labels on the candidate drugs without changing their
properties. Therefore, uptake of cells can be visualized by
imaging the distribution of the RlI-labeled drugs. Conventional
nuclear medicine imaging techniques are not suitable for this
purpose. For example, PET and SPECT scanners cannot
than 100

Autoradiography with imaging plates is typically used for high-

achieve spatial resolutions smaller pm.
resolution nuclear medicine imaging. However, it cannot obtain
dynamic images. From this background, we have been
developing a nuclear medicine imaging system which has cell

size imaging resolution.

To realize dynamic RI cell imaging, imaging systems using
scintillation detectors with CCD cameras which detect the
scintillation photons generated by interactions of 3-rays have
been reported [1, 2]. In addition, we also have proposed a
dynamic RI cell imaging system with a scientific CMOS
(sCMOS) camera as shown in Figure 1 [3]. In these studies,
thin monolithic scintillators were used to generate the
scintillation photons by interactions with 3-rays. Therefore, the
scintillation photons generated in the scintillators spread as
shown in Figure 2(a). The spread theoretically degrades
imaging resolution of the micro imaging system. To suppress
the scintillation photon spread in the scintillators, instead of
using monolithic scintillators, we developed a new dynamic Rl
imaging system using a eutectic scintillator plate [4] which has
a micro fiber structure smaller than 1 ym as shown in Figure
2(b). The micro fiber structure of the eutectic scintillator plate
is able to improve imaging resolution by suppressing the
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scintillation photon spread as shown in Figure 2(b). Previously,
we reported feasibility results with this new system using a
high-speed lens and plate eutectic scintillator [5].

We successfully detected scintillation light from B-rays with a
prototype system that we developed in last year. However, we
concluded that poor transparency of the eutectic crystal was
preventing clear optical images from being obtained and that
higher imaging resolution was required. In order to achieve
higher imaging performance than last year’s system, we made
further changes and developed a new prototype micro RI cell
imaging system using the eutectic plate scintillator. We applied
an objective lens (x5) instead of the high-speed lens to obtain
higher spatial resolution. In addition, we developed a better
eutectic plate scintillator which had improved transparency and
uniformity. In this report, details of the developed micro RI
system and experimental results are described.

Interaction point
L ) J

(a) Thin scintillator

Camera lens

-/

(b) Scintillation fiber plate

Figure 2 Difference in the scintillation photon spread in: a
thin scintillator (a) and a plate (b).

Experimental setup

Figure 3 shows a photograph of the eutectic scintillator used in
the experiment. This scintillator was a Tb:GdAIOs/a-Al,O3
crystal of approximately 3 mm x 3 mm with a thickness of ~270
pum. Figure 4 shows a photo and schematic illustration of our
prototype dynamic micro RI cell imaging system. In imaging
with the system, B-rays emitted from the observation object
entered the eutectic scintillator on which the B-ray source was
directly placed. Then the scintillation photons that passed
through the fiber structure of this scintillator were condensed
by the imaging lenses (x5) and finally detected with the EM-
CCD camera (C9100-23B, Hamamatsu Photonics K.K.).

In the measurement of the scintillation images, a positron
source (?Na) was directly put on the eutectic scintillator as the
observation object. Together the scintillator and positron
source were put on a moving stage to control imaging position
and focal distance. The measurement system was inside a
dark box during measurements of the scintillation images.
Optical images were measured with back light from the top of
the eutectic scintillator. Exposure times for optical images and
scintillation images were 421 ms and 600 s, respectively.
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Figure 4 Photograph and schematic illustration of the developed

micro Rl imaging system.

Experimental results

Figure 5 shows examples of an optical image and a scintillation
image obtained with the developed prototype system. As
shown in Figure 5 (a), the eutectic scintillator was placed in the
lower half of the field of view (FOV). The positron source was
placed on the eutectic scintillator. Measurement time of the
scintillation image was 600 s. As shown in Figure 5 (b), the
scintillation light was observed in just part of the eutectic
scintillator. As expected, the scintillation light was not observed
in the region with no scintillator. These results indicate that the
scintillation light was indeed from the eutectic scintillator. Some
intense white points in the whole FOV of the scintillation image
were caused by direct interaction of annihilation radiation
generated by positrons from the ?Na point source and the
imaging sensor of the camera. Therefore, the white points were
observed in the background region. Figure 6 shows an optical
image of a micro ruler directly put on the eutectic scintillator
after removing the positron source. Scale marks of 0.05 mm on
the micro ruler were clearly observed through the eutectic
scintillator. We concluded that transparency of the eutectic
scintillator was improved. In addition, spatial resolution was
almost 2.5 times better than for our previous system.

For quantitative analysis, we measured light intensities of the
scintillation images with positron irradiation from the FDG
solution in a slide chamber. This setup is shown in Figure 7.
Figure 8 shows time variation of scintillation light intensity in
ROls in scintillation image during the 740 min measurement.
Fitting results are also shown in Figure 8. From them, we
estimated half-life as 106.2 min. The actual half-life of '®F is
109.77 min. These results proved that the obtained scintillation
images were accurately derived from the interactions between
the positrons of '®F and the eutectic scintillator.
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Scintillator

Figure 5 Optical image (left) and scintillation image (right) of the Figure 6 Transparent image of a micro ruler developed

of the eutectic scintillator. through the eutectic scintillator.
fhim Conclusion

MBEORMESRA A -V v 7285 L. £8KEESE  We developed the micro RI cell imaging system using our

EWFL YR RTLAERAWEYA 27 ORI X improved eutectic scintillator with the optical lens system to
— Y SEBOREMERE T, EBICL VR obtain functional images of single cells. We obtained
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scintillation light images from the positron source. In addition,
the prototype system obtained satisfactory scintillation images
with better transparency and spatial resolution than those of
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cZH DoﬁaF Ae H%_‘f MR, SERIGRE OD%H} our previous system. In the next step, we will evaluate
fatf > L ML A 7 A RIMIA X =2~ performance values of the prototype micro RI cell imaging
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TERBEDOMRENEEED DL TFETH S, system in measurements with actual cell samples.
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Figure 7 Experimental setup with FDG in slide chamber. Figure 8 Variation of scintillation light intensity during 740 min

measurement in ROlIs.
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Potential tumor diagnosis using range-verification PET
in carbon-ion therapy: from animal to clinical studies
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TL®IC Introduction

P E TR AT BIRS (PET) A UL -HI FI88 O Range verification in particle therapy using positron emission
ﬂﬁﬂﬁaﬁ $. BB — A L BEEGE S ORER RIS tomlc')dgraphy ijET()j i?hbase: on i:nagirfwg positrtor:. (ﬁ*)-emitt.ting
nuclides produce rough nuclear fragmentation reactions
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oy between the therapeutic beam and the irradiated tissue. These
+
L\’CL\%M EERR B IR IS E SIS & U 5L B*-emitting radionuclides are considered to be washed out

5)’ﬁ INBEEZ KAITINETIC X U)fffyi EFE%  mainly by blood flow, and we have previously demonstrated a
MEIRRE & OAEBEMABE S M L TE 7 [1]. % correlation between the washout rate and the vascular
MR BE (A EE R BE 70 & & B0 (C B8 L. SAy&%y  characteristics of tumors [1]. Tumor blood flow is closely related
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. variation during the course of radiation therapy should be

NETHIDRRH DI CICHAERAZ AL Te monitored; however, performing PET scans with

PET REZXMEY 52 & JEE%E/‘]’G e, £27T radiopharmaceuticals for every fraction is not practical. In this

AR TIE, BE & ORERALE PET IREBRIC K D4 study, we aimed to diagnose tumor status by analyzing the

BB I ZIEDERERRT O . FERDIRREA 2R3 kinetics of B'-emitting nuclides generated during each
2z ERBEME LT, irradiation using range-verification PET imaging.

Range-verification PET 18F_-FAZA PET

5x103

tumour ‘g l

12C Beam

Axial FOV of TBS-PET
Axial FOV of Mirai-PET
Bg/ml

b-2)

18[F]-FAZA

Figure 1 Comparison study. (a-1) Setup of the range-verification PET and (a-2) setup of the hypoxia '®F-FAZA PET.
(b-1) Reconstructed image acquired by TBS-PET after '2C irradiation and
(b-2) reconstructed image acquired by Mirai-PET with '8F-FAZA administration.
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Small animal study

A comparative evaluation was performed between range-
verification PET and hypoxia PET using a radiotracer in a
hypoxic tumor rat model.

A carbon-ion beam ('2C-ion beam) was delivered to the entire
tumor volume of hypoxic tumors (C6 glioma) in the rat model.
Subsequently, range-verification PET scan was conducted
using a high-sensitivity total-body small-animal PET system
(TBS-PET) (Figure 1 (a-1)) [3]. In "C-ion irradiation, the
effective decay function is described by equation (1) with the
main signals from 'O and "'C. In this study, dynamic analysis
was performed using a single-tissue compartment model
(Figure 2) that assumes two chemical forms (major and minor
components), and the rate constant of the major washout
component (K2,m) was derived.

In the same rat model, the hypoxia PET radiotracer '®F-labeled
fluoroazomycin arabinoside ('®F-FAZA) was administered,
followed by PET imaging by a high-resolution small-animal
PET scanner, Mirai-PET (Figure 1 (a-1)) [4], to assess tumor
hypoxia.

Finally, tumor tissue sections were then collected, and a
pathological examination using hematoxylin and eosin (H&E)
staining was performed to evaluate the vascular status of the
tumor.

e(=2150t) e(_/111c'f)] . [M_m . e(_kz,m't) + e(_kz,s't)] (1)
Mg

Ao11c,Ao1s0: activities of 11C and *0 ions at the end of irradiation
M1c Aiso: physical decay constants of 1'C and °0 ions
M,,, M, : fractions of the main and the other slower components

main and the other slower washout decay constants

Figure 2 A kinetic model of irradiation produced B*-emitters. A single-compartment model with two types of tracers.
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Figure 1 shows the 30-minute integrated images of the
range-verification PET and the "®F-FAZA PET. In both images,
heterogeneous distributions of radioactivity were observed
within the tumor. Figure 3 presents, for the tumor region, the
range-verification PET image, the voxel-wise k2m values
(kz-Map) obtained from dynamic analysis, and the '®F-FAZA
PET image. These images exhibit clear correlations and well
represent the structure of a typical solid tumor. In the tumor
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core, residual B*-emitting nuclides were observed, and the kam
values were low, suggesting lack of blood flow due to necrosis.
Surrounding this core area, '8F-FAZA accumulation was
observed, indicating the presence of the hypoxic area. At the
tumor periphery area, the k2m values were high, indicating

viable areas with active angiogenesis.

These interpretations were also supported by the pathological
examination of the H&E stained tumor tissue sections.

e
]

18F-FAZA PET

[A.U]
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Figure 4 Tumorimages of: (a) the range-verification PET, (b) voxel-wise k2m value (k- -Map), and (c) the '®F-FAZA PET.
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Introducing clinical research

Since 2023, clinical research (jRCTs032220746) has been
conducted for the range verification of carbon-ion therapy
using the online PET system OpenPET (Figure 5 (a)) [2]. The
analysis methods established through our small animal studies
have been applied to the clinical data, and the current status
of this analysis is also reported here.

In this clinical research, patients with head and neck (H&N)
cancer were irradiated for a total of 16 fractions, among which
PET
approximately

imaging was performed during 4 fractions at

one-week intervals. Figure 5 shows
postoperative irradiation case results for a patient with adenoid
cystic carcinoma. Figures 5 (b-1 to b-4) present the dose
distributions of the treatment plan, (c-1 to c-4) reproduce the
OpenPET images (10-minute integrated), and (d-1 to d-4) are
the k,-Maps, each acquired weekly. Range verification with
OpenPET confirmed that the heavy-ion beam was accurately
delivered according to the treatment plan throughout the
4-week period. On the other hand, the k.,-Maps exhibited
weekly variations, suggesting changes in tumor blood flow.
Tumor blood flow provides important information for estimating
necrotic, hypoxic, and proliferative areas, and may contribute
to adaptive treatment planning and prognosis prediction. Our
next task is to analyze the clinical data from 20 patients and
investigate the relationship between temporal changes in the

k2-Maps and follow-up outcomes.
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Figure 5 Clinical research for range verification of carbon-ion therapy by OpenPET.
(a) Setup of OpenPET. (b-1 to b4) dose distributions from the respective treatment plan,
(c-1 to c-4) range-verification PET images, and (d-1 to d-4) and voxel-wise K, , values (k, -Maps).
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Conclusion

Using a tumor rat model, we made a comparative evaluation

between range-verification PET following '2C-ion beam

irradiation and '®F-FAZA PET. The results provided supporting

evidence that the washout rate of irradiation produced
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THY ROBEIL, INF TCOEBHRDOKRR% G
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B*-emitting nuclides can be used to estimate tumor oxygen
status. The washout rate clearly reflects the vascular status of
the tumor (necrotic, hypoxic, and viable regions). The analysis
of clinical research data is currently underway; our next
challenge is to translate the findings from these basic studies
into clinical applications.
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Introduction

While three-field (cervical, mediastinal, and abdominal) lymph
node dissection is the standard radical surgery for esophageal
cancer, it has been reported that approximately 90% of
resected lymph nodes are negative for metastases [1].
Omitting unnecessary dissection could
invasiveness and improve surgical treatment outcome. To
address this challenge, we have proposed a “forceps-type
mini-PET” for intraoperative lymph node diagnosis that applies
the measurement principles of FDG-PET.

reduce surgical

Specifically, this system utilizes a pair of radiation detectors
mounted on the tip of endoscopic forceps to individually grasp
lymph nodes and quantify the accumulated FDG radioactivity
[2, 3]. In general, radiation detection sensitivity peaks at the
center of the detector field of view (FoV), defined as the space
between two opposing detectors in this system, and it
decreases toward the periphery. Accurate quantification
requires that the radioactive source be consistently positioned
at the center of the FoV; however, the current system lacks a
function to determine the spatial distribution within the detector
FoV.

In previous work, we developed a compact position-sensitive
detector specially designed for the forceps-type mini-PET and
demonstrated a method to estimate the source center of
gravity (CoG) using deep learning [4]. CoG
information alone cannot differentiate between localized
sources and broad physiological accumulation. In this work, we
therefore developed a source visualization method using our
previously developed detector and verified its feasibility and
effectiveness through simulations.

However,

Methods
Position-Sensitive Detector Pair

Figure 1 illustrates the simulation geometry of the position-
sensitive detector pair. The detector configuration in this
simulation consists simply of four BGO crystals (A, B, C, and
D) arranged in a 2x2 array, forming a half-bullet shape with an
overall diameter of 10 mm and length of 15 mm. In the actual
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hardware configuration, silicon photomultipliers (S; and S,)
are optically coupled to crystals C and D, respectively, with
optical reflectors the crystals. This
establishes a U-shaped light propagation path (S;-D-A-B-C-
S, ), enabling the discrimination of the radiation interaction
positions into four distinct regions (A, B, C, and D) using Anger
logic defined as (S; — S,)/(S; +S,), followed by thresholding.
Two opposing detectors are arranged in parallel with a fixed
separation of 6 mm.

inserted between

For the simulation parameters, we incorporated experimentally
measured values from our prototype detector, specially
applying a misidentification rate of 5%, defined as the rate at
which an event detected in one crystal is incorrectly assigned
to another, and we set an energy resolution of 25%.

2x2 BGO crystal
array (A,B,C,D)

Simulation geometry of the position-sensitive detector pair.

Image reconstruction using the PWLS method

Image reconstruction was performed using the penalized
weighted least square (PWLS) method [5], an algebraic
approach that is applied to the coincidence data acquired from
position-sensitive detectors. To ensure statistical robustness
given the sparse data limited to only 16 lines of response
(LoRs), a Tikhonov regularization term was incorporated. The
estimated image f’ was obtained by minimizing the cost
function C(f)as follows.

= argmin C(f)

c(f) =ZW1' (pi —Zinjfj>2 +Bzsz
i J
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Here, p represents the count rate data vector, A is the
system matrix, and S denotes the regularization parameter.
The voxel size was set to 1x1x1 mm3, resulting in an imaging
volume of 11x5x16 mm? (880 voxels). Consequently, the
system matrix A had dimensions of 16x880 (LORs x voxels).
The element A;; of the system matrix represents the
probability that a photon emitted from the i-th voxel is detected
along the j-th LoR. The regularization parameter 8 was set to
10 based on the preliminary optimization.
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Simulation-based evaluation

We simulated a clinical scenario consisting of two stages: a
state where the source position is unknown (Step #1) and a
state where the source position is adjusted based on image
information (Step #2). This simulation sequence was repeated
15 times. For basic validation, an '®F point source with an
activity of 1 kBq was used.

Step #1: The source was placed at a random position
within the FoV, followed by a 30-second measurement
and image reconstruction.

Step #2: Based on the CoG coordinates calculated from
the reconstructed image in Step #1, the source was
repositioned to the center of the FoV, and a second 30-

second measurement was performed.

As evaluation metrics, the mean, standard deviation (SD), and
coefficient of variation (CV) were calculated for the total
measured count rates ), p; and the total voxel values of the
reconstructed images Y. f;. Then, we verified the sensitivity
correction effect of image reconstruction and the impact of
image-guided position correction on quantitative accuracy.

Results and Discussion

Figure 2 shows reconstructed images of point sources placed
near the center and at the edge of the FoV. Although the
reconstructed point source images exhibited a spatial spread
of approximately 5-7 mm regardless of their positions, the
images provided sufficient information to visually identify the
source direction (e.g., vertical or horizontal) and the extent of
its deviation from the center. The mean positional error
between the CoG coordinates calculated from the images and
the true source positions was 0.84 + 0.89 mm across all trials.

Table 1 summarizes the mean, SD, and CV for the coincidence
count rates and total image voxel values in each step group. In
the Step #1 group, measurements were significantly affected
by sensitivity degradation caused by off-center source
placement. As a result, the CV was 53.2% for coincidence
count rates and 46.1% for total image voxel values. In contrast,
in the Step #2 group, these CVs were improved markedly to
10.8% and 7.3%, respectively. Furthermore, owing to the
sensitivity correction effect provided by image reconstruction,
the CV for total image voxel values was lower than that for
coincidence count rates in both groups.
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Conclusion

We developed an imaging functionality specially designed for
the forceps-type mini-PET by applying PWLS
reconstruction to ultra-compact position-sensitive detectors.
Simulation results suggested that measurement accuracy can
be significantly improved by performing measurements at
appropriate  node grasping positions based on image
guidance. In future work, we plan to fabricate phantoms

image

Rz TV, BRRICAICAIT7-EAM ORI Z ED %

FETH %,

simulating metastatic lymph nodes and conduct experiments
using the actual device to validate its practicality for clinical
application.

(a)

Recon. img.

(b)

Recon. img.

e

Ground truth

Ground truth

g

Figure 2 Representative images of a point source placed near the center (a) and at the edge (b)

Table 1

of the detector FoV’ ground truth were compared with reconstructed images.

Comparison of coincidence count rates and total image voxel values between Step #1 and Step #2.

Step #1, meanSD (CV) Step #2, meantSD (CV)

Coincidence count rate (cps)

6.95+3.70 (53.2%) 11.31+1.23 (10.8%)

Total image voxel value (a.u.)

1629751 (46.1%) 21462157 (7.3%)
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of a high-resolution, portable, and axially long small animal PET with TOF-DOI detectors," 2025 SNMMI Annual Meeting,
SS20, 2025. (oral, 2025/6/23, New Orleans)

Giulio Lovatti, Munetaka Nitta, Francesco Evangelista, Jonathan Bortfeldt, Marco Pinto, Taiga Yamaya, Niels Bassler,
Jasper Nijkamp, Per R. Poulsen, Brita Singers Serensen, Erik Traneus, Rasmus Nilsson, Peter Thirolf, Katia Parodi, “First
In Vivo Proton Beam Irradiation of Mice with Quasi-Real-Time Range Verification with the SIRMIO PET Scanner,”
American Association of Physicists in Medicine (AAPM) 2025, SU-130-BRC-6, 2025. (Oral, 2025/7/27, Washington DC)

Taiga Yamaya, Hideaki Tashima, Chie Toramatsu, Akram Hamato, Yuma Iwao, Go Akamatsu, Han Gyu Kang, Minoru Tajiri,
Hideyuki Mizuno, Masashi Koto, Hiroaki Ikawa, Makoto Shinoto, “Visualization of Irradiation Field in Carbon-Ion Therapy
by OpenPET: Preliminary Analysis of Clinical Data,” American Association of Physicists in Medicine (AAPM) 2025, MO-
730-202-4, 2025. (Oral, 2025/7/28, Washington DC)

Taiga Yamaya, Go Akamatsu, Kurumi Narita, Hideaki Tashima, Yuma Iwao, Eiji Yoshida, “Design of Next Generation
Hemispherical Brain PET System Aiming for Imm Resolution,” American Association of Physicists in Medicine (AAPM)
2025, TU-130-202-5, 2025. (Oral, 2025/7/29, Washington DC) [Selected as one of the top 10 papers in the Science Council
Session]

https://www.qst.go.jp/site/igms/news250819.html

A. Hamato, D. Lee, R. Ota, H. Hemmati, M. Muller, Y. Wang, L. Soundara Pandian, S. Kim, T. Yamaya, S. R. Cherry, J.
Glodo, S.I. Kwon, “Performance evaluation of ultra-dense lutetium oxide ceramic scintillators for TOF-PET applications,”
IEEE NSS-MIC-RTSD2025, M-01-08, 2025. (2025/11/5, oral, Yokohama)

S. Takyu, Y. Taira, T. Hirade, F. Nishikido, H. G. Kang, H. Tashima, F. Obata, K. Matsumoto, M. Takahashi, T. Yamaya,
“Positron Lifetime Imaging Using a Gamma Ray Beam: The First Experiment,” IEEE NSS-MIC-RTSD2025, M-01-03,
2025. (2025/11/5, oral, Yokohama)

G. Akamatsu, M. Takahashi, H. Tashima, Y. Iwao, E. Yoshida, H.G. Kang, S. Takyu, F. Nishikido, F. Obata, H. Wakizaka,
A. Sugyo, H. Sudo, A. Tsuji, S. Ito, K.J. Kim, K. Kamada, A. Yoshikawa, M. Ishibashi, Y. Imai, T. Yamaya, “Multi-isotope
whole gamma imaging:%Zr-anti-CD38-antibody and '®F-NaF imaging of multiple myeloma mouse,” IEEE NSS-MIC-
RTSD2025, M-01-06, 2025. (2025/11/5, oral, Yokohama)

Han Gyu Kang, Hideaki Tashima, Taiga Yamaya, "Design of a sub-0.5 mm resolution PET using GATE with staggered 3-
layer DOI detectors," GATE User Meeting in IEEE NSS-MIC-RTSD2025, 2025. (2025/11/6, oral, Yokohama)

F. Evangelista, G. Lovatti, M. Pinto, J. Bortfeldt, Z. Huang, N. Bassler, P. R. Poulsen, J. A. Nijkamp, B. S. Serensen, T.
Yamaya, P. Thirolf, M. Nitta, K. Parodi, “First in-vivo IMPT irradiation of mice with quasi-real-time range verification with
the SIRMIO PET scanner,” IEEE NSS-MIC-RTSD2025, M-09-03, 2025. (2025/11/6, oral, Yokohama)

C. Toramatsu, H. Wakizaka, H. Tashima, H. Sudo, G. Akamatsu, T. Ishikawa, H.G. Kang, C. Seki, I. Kanno, T. Yamaya,
“Prediction of tumour hypoxia by range-verification PET in particle therapy: Proof-concept in rats,” IEEE NSS-MIC-
RTSD2025, M-09-04, 2025. (2025/11/6, oral, Yokohama)

H. Tashima, C. Toramatsu, A. Hamato, Y. Iwao, G. Akamatsu, H.G. Kang, M. Tajiri, H. Mizuno, M. Koto, H. Ikawa, M.
Shinoto, T. Yamaya, “Clinical OpenPET for Range Verification in Carbon-lon Therapy: Gamma-Index Analysis for Inter-
Fractional Comparison,” IEEE NSS-MIC-RTSD2025, M-09-05, 2025. (2025/11/6, oral, Yokohama)

Y. Iwao, G. Akamatsu, H. Tashima, T. Yamaya, “Data-driven motion correction using inertia moment for brain PET,” IEEE
NSS-MIC-RTSD2025, M-10-03, 2025. (2025/11/6, oral, Yokohama)

K. Thielemans, E. Asma, M. Cook, M. Hansen, J. Jones, N. A. Karakatsanis, A. L. Kesner, C. Lerche, E. K. Leung, P.
Markiewicz, J. Naegele, S. Prevrhall, A. Rahmim, H. Sabet, B. Saboury, M. Spangler-Bickell, J. Stairs, S. Stute, H. Tashima,
K. Ziemons, R.G. Wells, "Final draft of PETSIRD v1.0: a proposed standard for PET raw data," IEEE NSS-MIC-RTSD2025,
M-12-1, 2025. (2025/11/7, oral, Yokohama)

H.G. Kang, H. Tashima, H. Wakizaka, M. Higuchi, T. Yamaya, “Development of a Sub-0.5 mm Resolution PET for Mouse
Brain Imaging,” IEEE NSS-MIC-RTSD2025, M-13-01, 2025. (2025/11/7, oral, Yokohama)

K. Narita, G. Akamatsu, E. Yoshida, F. Obata, H. Tashima, Y. Iwao, M. Takahashi, T. Yamaya, “CLS-7: the 7-ring TOF-DOI
Brain PET System with Crosshair Light-Sharing Detectors,” IEEE NSS-MIC-RTSD2025, M-13-03, 2025. (2025/11/7, oral,
Yokohama)

H.G. Kang, H. Tashima, H. Wakizaka, G. Akamatsu, Y. Iwao, C. Toramatsu, T. Yamaya, “Total-Body Small-Animal PET
with 4-Layer DOI Detectors Enabled for Sub-Second Dynamic Imaging,” IEEE NSS-MIC-RTSD2025, M-13-07, 2025.
(2025/11/1, oral, Yokohama)

T. Ishikawa, R. Ota, H.G. Kang, F. Nishikido, H. Haneishi, T. Yamaya, “Monte Carlo simulation of Cherenkov-radiator-
integrated MCP-PMT with full modeling of optics and waveform,” IEEE NSS-MIC-RTSD2025, M-22-07, 2025. (2025/11/8,
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oral, Yokohama)

R. Abe, G. Akamatsu, H. Tashima, T. Yamaya, “Design simulation of a brain-dedicated whole gamma imaging system for
simultaneous SPECT and PET,” IEEE NSS-MIC-RTSD2025, M-22-08, 2025. (2025/11/8, oral, Yokohama)

£ ((RXA—%%XK) International conferences (poster presentations) (16)

Miwako Takahashi, Go Akamatsu, Yuma Iwao, Hideaki Tashima, Taiga Yamaya, "Detection of early changes of Alzheimer’s
disease using high-resolution brain-dedicated PET," 2025 SNMMI Annual Meeting, MTAO8 - Screen 27, 2025. (poster,
2025/6/23, New Orleans)

Go Akamatsu, Kurumi Narita, Eiji Yoshida, Yuma Iwao, Hideaki Tashima, Miwako Takahashi, Taiga Yamaya, "One-ring
TOF-DOI brain PET prototype with crosshair light-sharing detectors," 2025 SNMMI Annual Meeting, MTA09 - Screen 01,
2025. (poster, 2025/6/24, New Orleans)

Chie Toramatsu, Hidekatsu Wakizaka, Hideaki Tashima, Go Akamatsu, Han Gyu Kang, Chie Seki, Hitomi Sudo, Iwao Yuma,
Taiga Yamaya, “Radiopharmaceutical-Free Assessment of Tumor Vasculature Condition in Particle Therapy by Means of
Range-Verification PET: A Feasibility Rat Study,” American Association of Physicists in Medicine (AAPM) 2025, SU-330-
GPD-R-13, 2025. (Poster, 2025/7/27, Washington DC)

M. Nitta, F. Evangelista, G. Lovatti, J. Bortfeldt, M. Pinto, Z. Huang, P. R. Paulsen, N. Bassler, C. Gianoli, H.G. Kang, A.
Zoglauer, G. Dedes, T. Yamaya, P.G. Thirolf, K. Parodi, “Use of inter-detector scattering event for sensitivity improvement
for an in-beam small animal PET,” IEEE NSS-MIC-RTSD2025, M-03-154, 2025. (2025/11/5, poster, Yokohama)

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, "NEMA NU4 Performance Evaluation of Mirai-PET: Small Animal PET with CLS TOF-DOI
Detectors,” IEEE NSS-MIC-RTSD2025, M-03-157, 2025. (2025/11/5, poster, Yokohama)

H. Tashima, F. Hashimoto, S. Takyu, G. Akamatsu, K. Ote, T. Yamaya, “Synergistic PET and Compton Image Reconstruction
for 8Zr Whole Gamma Imaging,” IEEE NSS-MIC-RTSD2025, M-03-259, 2025. (2025/11/5, poster, Yokohama)

F. Nishikido, K. Kamada, H. Wakizaka, A. Yoshikawa, Y. Usuki, S. Ito, T. Yamaya, “Micro RI Cell Imaging System Using
Eutectic Scintillator and Objective Lens,” IEEE NSS-MIC-RTSD2025, M-08-053, 2025. (2025/11/6, poster, Yokohama)

K. Narita, G. Akamatsu, H. Tashima, Y. Iwao, T. Yamaya, “Hemispherical Brain PET Geometries Optimized for Cerebellar
Sensitivity, Patient Visibility and Equipment Cost,” IEEE NSS-MIC-RTSD2025, M-08-092, 2025. (2025/11/6, poster,
Yokohama)

M. Yamaguchi, Y. Nagao, M. Tsuda, H.G. Kang, T. Yabe, E. Yoshida, T. Yamaya, M. Sakai, M. Tashiro, Y.-G. Yin, T. Kamiya,
H. Watabe, N. Kawachi, ”Evaluation of Temporal Resolution for SEB Camera Based on TOFPET2 ASIC Targeting Particle
Therapy Beam Imaging,” IEEE NSS-MIC-RTSD2025, M-08-455, 2025. (2025/11/6, poster, Yokohama)

H.G. Kang, E. Yoshida, G. Akamatsu, T. Yamaya, “Diode-based Row-Column Multiplexing Circuits for the TOFPET2 ASIC
Module,” IEEE NSS-MIC-RTSD2025, M-17-018, 2025. (2025/11/7, poster, Yokohama)

M. Miyahara, H. Tashima, M. Suga, G. Akamatsu, F. Nishikido, S. Takyu, T. Yamaya, “Design simulation of a Whole-Body
Whole Gamma Imaging System,” IEEE NSS-MIC-RTSD2025, M-17-108, 2025. (2025/11/7, poster, Yokohama)

J. Sun, T. Masuda, H. Tashima, C. Toramatsu, A. Hamato, T. Yamaya, S. Tanaka, K. Kasamatsu, S. Mein, T. Inaniwa, “Range
determination by OpenPET for helium, carbon, oxygen, and neon ion beams,” IEEE NSS-MIC-RTSD2025, M-17-441, 2025.
(2025/11/7, poster, Yokohama)

R. Ohashi, S. Takyu, H. Tashima, S. Ito, M. Takahashi, T. Yamaya, “Integration of imaging capability into a forceps-type
mini-PET system: a simulation study,” IEEE NSS-MIC-RTSD2025, M-17-513, 2025. (2025/11/7, poster, Yokohama)

S. Takyu, T. Hirade, K. Matsumoto, F. Nishikido, G. Akamatsu, H. Tashima, M. Takahashi, T. Yamaya, “Temperature
Dependency in Positronium Imaging: Measurement Using VRAIN,” IEEE NSS-MIC-RTSD2025, M-17-534, 2025.
(2025/11/7, poster, Yokohama)

Han Gyu Kang, Hideaki Tashima, Go Akamatsu, Yuma Iwao, Hidekatsu Wakizaka, Makoto Higuchi, Chie Toramatsu, Taiga
Yamaya, "Sub-second and Sub-0.5 mm Resolution PET with DOI Technology for Preclinical Research," £ 65 [a] H A%
REARIEANRR S O 45 [0l A AR E I ARSI RS & RIFIETD#, $25,2025. (55 65 [0l H AR F2
22482 IEEE/JSNM/JISNMT Joint Symposium, poster, 2025/11/13, FLE A2 Z - 1)

Francesco Evangelista, Giulio Lovatti, Marco Pinto, Jonathan Bortfeldt, Ze Huang, Niels Bassler, Per Rugaard Poulsen,
Jasper Albertus Nijkamp, Brita Singers Soerensen, Taiga Yamaya, Peter Thirolf, Katia Parodi, Munetaka Nitta, In-beam
SIRMIO PET scanner for quasi-real-time proton range monitoring in preclinical IMPT," % 65 [0] A A EZ TR S
B 45 i AEFEIFT SR T RS & RAHIBEDE, S26, 2025. (3 65 [l H AKEY X FIFRE
IEEE/JSNM/JSNMT Joint Symposium, poster, 2025/11/13, FHARL Z 8 - H)
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5% Domestic conferences (17)

HARIK, Pk, FHEH, #8732, HanGyuKang HISIER, /NEHETY, WA B, @SEEMF, Ls
R, "o~ BE— b2 HWEZBETHGA A= oo § 72 BISHAMESRSFER AR,
14p-K502-3, 2025. (2025/3/14, HRERELRZE H X ¢ 2 /3 R)

BB, A =4, KRPHE, ILAZRE, "Whole Gamma Imaging (28152 PET a7 hoA A=V 7
ZALIA G W T AR R A G FHA% K IE O BAYE," JSMI Report, Vol. 18, No. 2, p. 52, 2025. (H ARy FA A=Y v 752
9519 [BIRAE « AFES, BT 7 T & AE R AR — 1, 2025/5/29, 0-01 (P-46) oral/poster)

Pt b, ZRAAR, BSZE, IWAFRE, “SPECT Mz %4 & L7=8HER A Whole Gamma Imaging 25 (& 3% 51235
JAHGELR R S T L — F B O, 5 44 [B] B ARE A EG LS JAMIT) RSP EREE, pp. 271-272, 2025.
(P3-19, poster, 2025/8/30)

SR, AT =4, HARIK, S, RFFL, (IWARE, ““Zr Whole Gamma Imaging [2351F % Synergistic
G A AL ORISR, 5 44 8] B ARE B TS JAMIT) RS, pp. 273-274, 2025, (P3-20, poster, 2025/8/30)

o7, REMEA, HHE T, Han Gyu Kang, Kieth, FHIER, [WARE, EHEE, B, FRIE, e
BN, TEERVEE], THA A, "R THER E— A A—2 v 7 & B & L7z TOFPET2 ASIC _X— 20 SEB 5 A 5
DBAZE," #5586 LML F KA IR IE SR T RSE, 02-004, 2025. (2025 457 86 [RIIS MBS FKF 1l
FEIESS, oral, 7a-N103-4, ZHKZ, 2025/9/7)

Han GyuKang, H S8, WiF5 5w, SRR, A BIEE, #RT8, (LA ZRE, "Sub-second dynamic rat imaging with
an ultrasensitive small animal PET scanner," £ 86 [Alji B B 22Tl Il 58 T T-R54E, 02-036, 2025. (2025
55 86 (Bt AR F K EITRIEH S, oral, 9a-N103-7, £ 3K, 2025/9/9)

Han Gyu Kang, Hideaki Tahima, Hidekatsu Wakizaka, Makoto Higuchi, Taiga Yamaya, "Development of a mouse brain
PET scanner with sub-0.5 mm resolution,” £ 86 [BlJi B Bk 2R AT sl I S 5H I TRI4E, 02-037, 2025. (2025 4
5 86 (A1) F M BRI 2, oral, 9a-N103-8, &I K2E, 2025/9/9)

Han Gyu Kang, & H#R, AR, (L1428, "Diode-based row-column multiplexing for clinical TOF-PET detectors,"
%5 86 [t W EL 2 K ATl i S R T T RAAE, 02-038 2025. (2025 4R 55 86 Bl M BR ATk Z 2247842, oral,
9a-N103-9, 4K, 2025/9/9)

HUACAIR, ST, AR —ER, S5 3CE, AR, mSEE, Wi, WA, "Positronium imaging =
BT DIRIER O AR PET VRAINIZ X 2 HRFE," 2 86 RIS B 72K T iTak I 3 T T FR4E, 02-039 2025.
(2025 £E55 86 [0S B A 2 FK AR 22, oral, 9a-N103-10, 443K, 2025/9/9)

FNKEE, RH RS, Han Gyu Kang, 85302, FAFE, IWARE, a6l & WAE S OE7 Wb a iAo
7FF L ra ZEHENER MCP-PMT OF LT AR I 2 Lb—3 a2, 8§ 86 [0S MBStk Z= Pl
[ TRIZE, 02-040, 2025. (2025 4255 86 [B1i W BR 2 2K Z AT 23, oral, 9a-N103-11, £ IR, 2025/9/9)
Pl ERA A, FRAAEI, MBSIEH, IWAHRE, “PET-SPECT [RIFfA A — v 7% AL L7-8EE A Whole Gamma
Imaging HEZRFHCB T HEEMRIHER Y T L— X O k,” FHASHIEYR I A 7o v =7 1 7N
T UIRY T 2025, 2C1-4, 2025. (2025/9/19, TEERE, oral)

B, RS, B, BARIR, AR, SESCE, IWARE, “44 M Whole Gamma Imaging $4E O
v Iab—va X AMRETR, FHIBEIHIERE T A T U =T U Y R Y T A 2025,
2C1-5, 2025. (2025/9/19, TR, oral)

FANH, AL, HEBYEH, 55 BIKE, FHYA, Han Gyu Kang, BAAIK, $FE, AEEHE 1, 5568
—, IUWARFTE, “LEHE Whole Gamma Imaging O ERE 1 2R M HHEIE~ 7 A D 9Zr HiT CD38 HifA/'SF-NaF [F] ki
%, 2565 [l H ABIE FR PN Rl - —AREEIDER, S183,2025. (5 65 Bl H ARZE 743 TR 43, oral,
MO12-7,2025/11/13, FLERIRSC Z 8D~ )

HARIR, I, AR —ER, #7302, AR BERS, SmEEMT, ILARE, “EK PET 2@ Vrain
EHWEARY br= g AEME : REORE” 5 65 Bl H ABEFS RS RIS - —REEIDER, S196,
2025. (45 65 [0] A AREE 222 2, oral, 2-MO22-1, 2025/11/14, 5 AR Z 8 - 1)

B A, JREAM, & HEYE, NEFET), HEBREY, 25 KE, @GR, (LAHER,” CLS-7 : EEEHH TOF-
DOI PET %EDBIFE,” 65 [0l H AR PR Pne S FEBIGUE - —fRBTRDEk, S196, 2025. (5 65 [0 H AR
SRS oral, 2-MO22-2, 2025/11/14, FERA0 Z 8 - H)

GRS, AR, HBEE, R, LARE, “SHETHSH PET M- FDG-PET, 7 IrA K
PET #49%,” 2f 65 [Bl H AR P AR S FERlE- - — I IDE, S207, 2025. (55 65 8] H ARKE 2 F ke
£x, oral, 3-MO30-5, 2025/11/15, FLERFA° 2 > 4)

A)NREE, ARFam, FEEZED, KRR, BITFIL, AJHRE], MWk, BRSr, SRR, HERE, HHEE,
FIAHR S, IR ZRES, "B FH TR A PET 258 Mirai-PET (23517 % TOF/DOI HANC & 2 B e sh B o 35, 4
3 8] JAMIT #F FEBE{G TF R Y v A SAMIT2025, 02-5, pp. 88-89, 2025. (oral, TIER )
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1.5 Bz % Workshop presentations (14)

(1]

[10]

[11]

[12]

AREARI, ST, HBKE, HEIE, AIIKRE, B, miGEfir, (WAZRE, "W REEHE A PET 25
DOWFFEFFE," [70) THENSE ) A 7T A— a3 o ~FRIBRT AT < REVERIERT O By &
filE) A—rvay MR SEES v 7 47 I —F 1 > 7, 2025/1/10. (QST, poster)

IWAZRE, "I AR PET BFE 2024, YR PET BF9E4s 2025, 2025/1/25. (<~ /V%— L J\FE PN, oral)

FRANHN, " RER R - TR AR BT, R PET AIFFE4Y 2025, 2025/1/25. (~14— )L J\E I, oral)

A BIKE, "REHIEEA," KA PET BF2E42 2025, 2025/1/25. (<L — L J\E, oral)

FINTAL, B FHRRIEHEA A — U A R, A PET #F984 2025, 2025/1/25. (~1Y—/ L J\E I, oral)

S35, "WGI (PET » =2 > 7" b )" IS PET BFZE4S 2025, 2025/1/25. (<-4 — L JVE Y, oral)
HAAIR, "Q-PET (&7 PET)," K ithfX PET #fF5t4s 2025, 2025/1/25. (~/LH— L )\ EHIM, oral)

EAE IR, BTN FE RS BRI D EEPRIS A, WA PET #F9E 4 2025, 2025/1/25. (~/LH—/ L )\ E Y, oral)
HARIKR, B3R5, MAAHR—RS, 8P 02, HBTEN, SEEm, IERE, “EEEEN A ORI
& PET HAIEAROBAZE” |, 2025 FEERFZEB AL h A AR 230 RS, (poster, TRIRA v #—L T 3
77 LR, 2025/3/1)

HARIKR, $87302, HEIEH, TRARI, AR, ST, (WARE, "\ PET OFHEL : /N~
A= v JEER" RS - R6 B AR & 43, 2025/4/16 (poster).

Han Gyu Kang, Hideaki Tashima, Hiroyuki Takuwa, Taiga Yamaya, "t 5% 41] PET/ Y. 7B S R RefiR a2 O 281" RS -
R6 BRI FE R R 543, 2025/4/16 (poster).

MAAIKR, Fzekk, FHh, #8702, Han Gyu Kang, M SJEH, /NEE)), A —ES, EBENF, ILaR
BT e — AR LT EFHa (A A— 0 7 ) DR O ATREME," RS - R6 B HAIRIIFZE A B
£, 2025/4/16 (poster).

FNRTE, ARARII, GHEREERE, KA, BITIL, AHMmA], MPNFE, W5 v, & 0K, BB, 5H3Es, M
AW, IWARE, ““URADLLYE TREFTRERTIMAHRIR PET EERR, © 2—r v a > MED B
ik, poster, 2025/8/27, 4 ERFHILUF ¥ /XA BHHFHE.

HABIR, F3F, SEHEH, 8730, honrFa, HEEMY, DR, A8, BEERT, LR
B, “HTo~HFEGESDRFMA A—T 7 IIFER" KK FEEE R IR Rr S se s (s
B2 L 2O TA~DGH] (2025 42E) |, 2025. (oral, FEBRZFAEA T HEFMENISERT, 2025/12/13)

1.6 %¥5F Patents (11)
- B8 Applications (4)

FHIVE, ISR, RS EEOR A PE THE, 7 a5 A O S0EA" HE 2025-003089,
2025/1/8 HiFE. (Q20394]P)

FHHEE, IWARE, "SRR, B, BETRHET E R S E " R 2025-082826, 2025/5/16 (.
(Q20408JP)

HHFE, IWARE, "M R EEE . BBE TR R, RO, B TR, FRRE 2025-130337,
2025/08/15 HifE. (Q20412]P)

AR, BEBANK, B EIER, SRR, ILARE, "HER st =y R OP E TEE#E," $7E 2025-184960,
2025/10/31 HifE. (Q20419JP)

- &4§% Registrations (7)

Taiga Yamaya, Miwako Takahashi, "RADIATION DETECTOR," US12,251,252, 2025/3/18 %i. (Q20170US)
IWRERE, Y N F o, SR A T, F5EFE 7626472, 2025/1/27 Bk (Q20167)
A ZRE, G, "SRR R, P28 7710739 %, 2025/7/11. (Q20170JP.1)

Hideaki Tashima, Go Akamatsu, Taiga Yamaya, "IMAGE PROCESSING DEVICE, IMAGE PROCESSING SYSTEM,
AND IMAGE PROCESSING METHOD," US12,386,087B2, 2025/8/12. (Q20206US)

Hideaki Tashima, Taiga Yamaya, “MEDICAL IMAGE PROCESSING DEVICE, COMPUTER PROGRAM, AND
NUCLEAR MEDICINE DEVICE,” US12433548, 2025/10/7. (Q20157US)

WA ZRE, EfEET, "FEHTNEE," ZL202180044362.9, 2025/11/11 %4k (Q20170CN)

AN TENG, TRRRMERE, (AR, MBI, fFHQELGE, AR O R ST L7 RRRFE 1761822 7,
2025/10/21 %§%.  (Q20216JP)
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2. RBRERGEE~DEY A Outreach actions

2.1 HREGEEDHFME Hosted workshops (4)

[11 IURFRYE, BEEMF, BEEY, FREL KEE S0, TR PET #FFE4 2025 % T4, 2025/1/25 (-1 —
VNN (BINEEGE 100 4, 5 BN 69 4)
https://www.qst.go.jp/site/igms/news250130.html

[2] Taiga Yamaya, MIC Co-Chair for [IEEE NSS-MIC-RTSD2025 Yokohama (1,800 registrations and 699 abstracts)
[3] Hideaki Tashima, Go Akamatsu, Taiga Yamaya, hosted the 4th Emission Tomography Standardization Initiative (ETSI)
Hackathon (hybrid) Workshop, 2025/11/9-10. (QST)

[4] Taiga Yamaya, et al., organized IEEE/JSNM/JSNMT Joint Symposium “Imagine Nuclear Medicine Instrumentation in 2035”
at JSNM/JSNMT, 2025/11/13.

2.2 ¥ =+ —F# Hosted seminars (0)

2.3 #REZEHAR Annual report publishing (1)

(1]  WARA W, “WHAPET AFFE#EE 2024,” QST-R-31, 2025/1/25.
https://www.gst.go.jp/uploaded/attachment/43070.pdf

2.4 #35% Review articles (6)

[1] Taiga Yamaya, Han Gyu Kang, Akram Hamato, Chie Toramatsu, Taku Inaniwa, "Prospects for applying radioactive ion
beams in particle therapy," Eur. Phys. J. Plus, 140:203, 2025.

2]  URFE, "KLK, ? BHAR, WHEH OfEMIL ?," JISMI Report, Vol. 18, No. 2, p. 1, 2025.

[3] HWEZE, ST, F 727 7 A, HBIE&E, R, Han Gyu Kang, HFE:, KEFZ, IEEE, §F)I114H,
TEETR, IR, "OpenPET 12 L 2 BRI T-#RMD AR A A — 7 " MEDICAL IMAGING TECHNOLOGY, Vol.
43, No. 1, pp. 3-10, 2025.

[4] ®@\EERT, IWARY, "V TFL—XOESN LT L ITEFZORE," BAMESRESSEE, Vol. 52, No. 2, pp.
1-6, 2025.

[5]  HEAALK, BARG—RS, SEHEW, 87302, R, BETE, REEf 7, (WERE" BRH PET ¥#Eick
FARY ba =g AEMNE" BETFFTE, vol. 25, pp. 11-20, 2025.

[6] HAAIK, WAEE, AT —BR, 7 3XE, HEEH, 8fEMT, IWARE, “BT PET O, i
#%, 49 %, 3 75, pp. 81-88, 2025.

2.5 % - $#E Lectures (30)
s D URTYLEITE T A1B#F#EE Invited talks at symposium (20)

[1] Taiga Yamaya, “QST Imaging Physics Research 2024,” Bay Area Nuclear Medicine Physics PI Meeting at Stanford, (invited,
2025/4/1, Stanford University)

[2]  JRRAW,  CBENESHHLERAL PET OEAL~FRIERZ Y CAAL~OER~," 5 129 [B] A AREFY LS HIKR
£22025/4/11.

[3] H. Tashima and T. Yamaya, “Development of next-generation positron emission tomography at QST,” 20th International
Conference on Positron Annihilation (ICPA20), K-08, 2025. (invited, Keynote presentation, 2025/6/5, Takamatsu)

[4] Taiga Yamaya, "Advancement of Brain PET Imaging Acquisition Technologies," Alzheimer's Disease Forum, Bio Asia-
Taiwan, 2025. (invited, 2025/7/25, TaiNEX)

[5] HSFEH, “Fdoim PET AFJERENT,” 5 44 B HARE HEG L7 JAMIT) RS, SY1,2025. (invited, oral, 2025/8/29)

[6]  RKARI, “PET #RGIEXFRIEZHFRFDORA > 1, PET BLMEHFRFED SDGs, PET ¥~ —% I F—2025, p. 47,
2025. (invited, oral, 2-3, 2025/8/30).

[7] WAFRA, “KRELK»? Z0LORR VRV YA TAROKESNEETE) ,PET ~—1t& I 5 —2025,
p. 50, 2025. (invited, oral, 5-1, 2025/8/30).

[8] EMEEMT, “BEZEMOBDINEEEEZD” YURYUL [AAOKERNEETE] , PET y~—%
2 2025, p. 50, 2025. (invited, oral, 5-2, 2025/8/30).

9] IAFRA, @EEfM, “MNME PET HEE O LT~ —BAFEAT 0 V7 b7 — R Hiiff
4> DF FRBEEIREESS, 2025, (2025/10/16, oral, invited)
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T. Yamaya, “Opening ceremony; General Chair and MIC welcome,” IEEE NSS-MIC-RTSD2025, MP-01, 2025. (2025/11/5,
invited, oral, Yokohama)

T. Yamaya, “Sustainable Nuclear Medicine,” Opportunities for Nuclear and Plasma Sciences for Energy and Society in IEEE
NSS-MIC-RTSD2025, WS4-03, 2025. (2025/11/7, invited, oral, Yokohama)

HARIR, AT —RE, AP, 853, R, ISR, ST, IWEeRE, “FRM PET B A2
S TP T AFAIGE,” O 17 Bl TR R JEACH R, (invited oral, HURERAL R FAPRER v > /82, 2025/11/9)
Hideaki Tashima, Taiga Yamaya, "Latest Advances in PET Instrumentation: TOF and Dedicated-Purpose Scanners," Ultra-
low-dose PET imaging in IEEE NSS-MIC-RTSD2025, WS5-02, 2025. (2025/11/8, invited, oral, Yokohama)

S

Taiga Yamaya, “Future instrumentation in nuclear medicine,” # 65 [°] H ARE[E FE 2SS 4 45 [0l H A E S
HIRFSRSFITRES A RIFBIEEEE, S12, 2025. (55 65 [0 H AR F2FIR 2 IEEE/JSNM/JISNMT Joint
Symposium, invited, oral, 2025/11/13, FEBACZ 8 ->H)

Go Akamatsu, “Key points for commercializing novel PET systems,” % 65 [7] H AEZ[E 22T H 45 M HA
KE ST R AR RE AR EIE, S16, 2025. (5 65 0] H AKE [E 22222184 IEEE/JSNM/JISNMT
Joint Symposium, invited, oral, 2025/11/13, FEBAHCZ - H)

Miwako Takahashi, “Non-invasive accurate diagnosis,” %5 65 [0] A A% [E e 56 45 0] B ARZEFEHTE
DRMDFMR S A FR B 8k, 833, 2025. (65 [l H AL E 2T 2 IEEE/JSNM/ISNMT Joint
Symposium, invited, oral, 2025/11/13, LA > H)

Taiga Yamaya, “PET Physics - Current and Future Prospects,” International Training Course on Carbon Ion Radiotherapy
(ITCCIR) 2025, 2025/11/18. (QST T-3)

HARIR, K#HE, MEEAN, BBRET, 87302, A/, HEEY, 8ARE, IAREBC, EHGEE, &
WBEFTF, IWARE, “1-124 2 W& PET AFJE,” 28 3 IS RI FIHAFIES R0 A, (invited oral,
2025/11/28, BB TTEEE % —)

IWARRE, "R b CEIEIRGIEC K DM NA RT =< U AL A=V 7 BGIERA T 1 7 222025 4
KBRS v 3 v, M 1-2, 2025, (invited, oral, 2025/12/18)

IWARRE, " FL— 2R R DREEFLS: KU PET HE ORI, 4 %4 A NEHHERE,
2025/12/25.

- 8% Educational lectures (10)

(1]

PRAAR, R HARAZEZLENT O AL, UM KRR EBEE 2R 5 TR EE MR 256, 2025/1/27.
WA FE, EfEEMT, IR, $873C, Han Gyu Kang, HARIK, HEIEA, &HIER, ABFET, & BIKHE,
AN TRL, FHHOR, DHEREEED, "R R L, THERE R, 2025 45 pil 140 H IE 16:10-17:40
IHAZ2, “Future PET instrumentation,” #& /& 7. K, BERSH550, 2025/6/30.

Taiga Yamaya, "Development of PET scanners for molecular imaging research," HAL K% /1A A — 3 v 7,
2025/7/4. (online)

PRAAR,  RHARAEZEFEIR ORI, & RSIERGER, KERTRER, 2025/7/7.
HHER, “BEFWET F 21 BESYEa— X 2025/7/10.

Han Gyu Kang, “GATE simulation of gamma camera”, GATE lectures in Korea Advanced Institute of Science & Technology
(KAIST), 2025/10/28. (Zoom)

Han Gyu Kang, “GATE simulation of SPECT,” GATE lectures in Korea Advanced Institute of Science & Technology
(KAIST), 2025/10/30. (Zoom)

Hideaki Tashima, “PET research and development,” training visit of students from the University of Wollongong, 2025/11/27.
(A ZR8%, “Future PET instrumentation,” JUMN KFERZEREESFRFENR 45 FHEREmEERE 556, 2025/12/15.

2.6 EZ Book chapters (0)
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2.7 FLR - [L&EWiBE Public relations activities (4)

(1]

Appeared in Physics World, “Ultrafast PET imaging could shed light on cardiac and neurological disease,”
https://physicsworld.com/a/ultrafast-pet-imaging-could-shed-light-on-cardiac-and-neurological-disease

AAPM2025 @ Science Council Session T b v 7 10 & CIZ#IZNE L7z
https://www.qgst.go.jp/site/igms/news250819.html

Appeared in Physics World , “High-resolution PET scanner visualizes mouse brain structures with unprecedented detail”
https://physicsworld.com/a/high-resolution-pet-scanner-visualizes-mouse-brain-structures-with-unprecedented-detail/

(Selected as "Editor's choice" in the Medical Physics category)

The Physics World article introduced by SNMMI SmartBrief.
https://newsletter.smartbrief.com/sharedSummary/index.jsp?copyld=FB04E32C-3C08-434C-B948-
7C1CF72B442F &issueld=42D1F6BE-F70F-4896-B96C-F1480B4A0FC4&briefld=94A57BF5-E8A1-4598-B740-
5CB55226F136

2.8 HHE £ Exhibitions (1)

(1]

QST FHEHX — AR TR AR, 2025/11/16. (BIN4E 1492 4)

2.9 ZOHIREZE Other reports (5)

(1]

(2]

(5]

[L43#8%, Akram Mohammadia, Han Gyu Kang, FHAAIK, HRA T, 87302, EHBE ., HEEH, 2EE, I
W, & IR, TR, "ER AR B A A — 2 7 D72 D OpenPET (& B% 2 B4 5 WF5E (20H285) "
2021 4 - E R PR SEAT BRI -8R 03 AU TR SR i A L [RUR A JE R 535, pp. 123-124, 2022.

FARIR, RAARGE—AR, WEREE, 7 30Z, Akram Mohammadi, Han Gyu Kang, B3, &EEFT, FVEAR
K, TIEE, IWARE," T8+ PET] ICKDEEKNT Y —F VU VERICET A58 (21H457) " 2021 FE &
T ERVF ST ERL TR DS ATE R 8 S L RIR A SRt 3, pp. 202-203, 2022.

ST, m IR, FETRE, BARIK, Han Gyu Kang, A ZRE, "A B HURE S -850 & B O T2 DR TR 1 2R
DOB%E (19H405) ," 2021 4L & 1R AR FERT R T-HR D3 A TR 25 8 2 3L R R FRAFF 2034 35, pp. 154-155, 2022.
S. Takyu, Y. Taira, T. Hirade, F. Nishikido, H.G. Kang, H. Tashima, F. Obata, K. Matsumoto, M. Takahashi, T. Yamaya,
“Initial Study of Positron Lifetime Imaging Technique Using Gamm-Ray Beam at UVSOR,” UVSOR Activity Report 2024,
pp- 47, 2025/8.

AR, "N IR E IR O 2 BIE LR Y h =0 A A A —2 0 7 OFEIFNR" A RSz
W 54 48, 1590, 2025.

2.10 B4 4 R bt Foreign guest scientists (4)

(1]
(2]
(3]
[4]

2025/6/13 Profs. Pawel Moskal and Eva Stepien (Jagiellonian University)

2025/11/11 Prof. Nicolas A. Karakatsanis (Weill Cornell Medical College, Cornell University)
2025/12/1 Dr. Christina Vallgren and Dr. Marcus Palm (TERAPET SA)

2025/12/22 Prof. Chanrok Park (Eulji University)
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2.11 RExtit Lab tours for visitors (60 tours, 857 guests)

Date Tour name (HFRI) Guests
2025/1/15 | ~L—3 T DERERKF- O 1
2025/1/15 | 77V AR pkU St 20
2025/1/20 | BABEHENS L LEAXEH)E 20
2025/1/20 | A FN64FFE TR BIGR BEI B AHE £ SERAHE LB RIDHE) 25
2025/1/23 | 5 128 [ #i G T fe 30
2025/1/27 | B AR BB SRR S AL 20
2025/1/29 | —MLF 12
2025/2/6 | WRIRFRMEEIT - A /X —al R AR R e e Y )l E R E#HE S 1T 10
2025/2/10 | B AR B Bk AR BRRR A S AL 20
2025/2/19 | 77T 22
2025/2/21 | Chang Gung Memorial Hospital, APRINOIA Terapeutics Inc. 7
2025/2/26 | —R LT (B 24 + R 12
2025/3/5 | TR =TV T e 3
2025/3/17 | Y =—"fn, TNCRRE % FHE - T B E RS P S H5E K 25
2025/3/19 | —R BT UNT 3 4R, 5t | AR+ IREH) 10
2025/4/9 | —WERF (T ALV IR T4 —2R) 12
2025/4/14 | SCERREM A FRIRBL)R Veik ANV WFFCiR BLERS B = —1T 4
2025/4/25 | FOSHRREANT R R A 1
2025/5/12 | &IE A MM 12
2025/5/14 | 77Ty R 20
2025/5/21 | —MLF 20
2025/5/26 | —MLF ?
2025/6/2 | APRINOIA Therapeutics 5
2025/6/11 | FEIREE H TR B B H 4R 20
2025/6/12 | SGHEVEE QST HZ B 20
2025/6/13 | Profs. Pawel Moskal and Eva Stepien 2
2025/6/19 | HVE R AR A 12
2025/6/24 | Norwegian Business Delegation 14
2025/6/25 | 754 PR JECT- 70 BEEUi % 7 Bt ik & B AT R 17
2025/7/8 | AT 7 —~ VP —F I 3
2025/7/9 | —MEHLS: 12
2025/7/14 | — R 12
2025/7/18 | AAREBRER S AT LT HES 4
2025/7/23 | fEHA - F AR 12
2025/7/29 | BT RHENOLDRKAHME (TEEREHE v —) 23
2025/8/18 | SGHRHFANIFEIRILE ik \IE AFFCHR BLERE & 4
2025/8/25 | #VE H FRRL SRS 29
2025/8/26 | THERESGFRUBN LM 20
2025/9/8 | fEAHIA 15
2025/9/10 | SCHEMFA WF TR BL R FEHfE - SR IF S0t B TR FeHEtE == Yoo e s EAE 2
2025/9/10 | B AT SRR A 10 T2 R 0 XA 12
2025/9/12 | C&A 5
2025/9/11 | 5 130 [Bfb B et i 30
2025/9/24 | JA IHETHE, g E T 18
2025/9/29 | SHIVAKRITI INTERNATIONAL LTD. et al. 9
2025/10/6 | —FHEAME LSV BV EMERIK 20
2025/10/22 | —f& 5L 8
2025/10/23 | HARMEENRMZE B2 11
2025/10/29 | APRINOIA Terapeutics Inc. et al. 7
2025/10/29 | AR R 20
2025/10/30 | %5 131 AR e 30
2025/11/10 | IEEE NSS-MIC-RTSD Technical Tour 46
2025/11/12 | —fHE 12
2025/11/18 | ITCCIR 45
2025/11/27 | University of Wollongong “#/£ 12

2025/12/1 | Terapet SA 2

2025/12/3 | ZCHEUHERR 2 AR AEHE A 10

2025/12/8 | B IT 2—H%& 20
2025/12/22 | Eulji University 5
2025/12/22 | ARV ERBA~—ha V) HLE
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3. SMERETME (FRE2) Awards (14)

(1]

W
—_

W
—_

RIAR, “BEEFIRFEIE 3 WItA A — U 7 ~OHER,” ==/ VZEBE IR E % E, 2025/3/4.
https://www.gst.go.jp/site/igms/news250313.html

MR ELE, BFHmCE, TERFLFIRA LFPRE LY o — A RERFRRERS, 2025/3/23.
FNKEE, BFwmCHE, TRERFRFEEEI LRGSR LR E LY o — 2B LRI ERS, 2025/3/23.
Hideaki Tashima, Trusted Reviewer status from Institute of Physics, 2025/3.

Akram Hamato, Trusted Reviewer status from Institute of Physics, 2025/9.

Radiological Physics and Technology Most Citation Award 2024 given to Hideaki Tashima and Taiga Yamaya for “Compton
imaging for medical applications”, Radiol. Phys. Technol. Volume 15, 187-205 (2022). (2025/04/12)
https://www.gst.go.jp/site/igms/news250418.html

Taiga Yamaya, Go Akamatsu, Kurumi Narita, Hideaki Tashima, Yuma Iwao, Eiji Yoshida, “Design of Next Generation
Hemispherical Brain PET System Aiming for Imm Resolution,” selected as one of the top 10 papers in the Science Council
Session at AAPM 2025. (2025/7/29)

https://www.qst.go.jp/site/igms/news250819.html

FNKEE, AT T LA FE N ARE 3B Te VoM 2 3R 4. (¥1,500,000)

Taiyo Ishikawa, 2025 Paul Phelps Continuing Education Grant, IEEE Nuclear and Plasma Sciences Society. (750 USD)
Taiyo Ishikawa, 2025 IEEE NSS MIC RTSD Conference Trainee Grant. (¥107,000)

Kurumi Narita, 2025 IEEE NSS MIC RTSD Conference Trainee Grant (¥107,000)

Ryogo Abe, 2025 IEEE NSS MIC RTSD Conference Trainee Grant (¥107,000)

Han Gyu Kang, received IEEE NPSS “From Membership to Leadership (M2L)” Travel Support for 2025 IEEE NSS MIC
RTSD Conference (1,500 USD).

Sodai Takyu, “Award to Outstanding Reviewer of the Nuclear Engineering and Technology (NET) journal,” 2025/12/15.
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O BARE & 7 - 7-EESiE IEEE Nuclear Science Symposium (NSS). Medical Imaging Conference
(MIC). &' Room Temperature Semiconductor Detectors Symposium (RTSD) 2025 (CHi7 5. 28
R - EEME (BEFR) XWirF—L (EroMAFEEY I, EEREEH. AlKIIBEESER
HRA) ICL2BEN 7+ -V RXDKF, KRE2OF—T7—FNTh5 (& & [E] omar’EEOm
ERWVMBERRESFARET S [FL] THI2EWI Ay w—V% FE# - EEORASE EHICEZL,
YA EES>TWBDIE MIC Co-Chair ## 87 QST ILBAHRE (Ah o 2&B),

A calligraphy performance by artist Kouka Awazu (center) and her team at the first Japan-hosted IEEE Nuclear Science
Symposium (NSS), Medical Imaging Conference (MIC), and Room Temperature Semiconductor Detectors Symposium
(RTSD) 2025. The team included Shingo, a Japanese drum performer (far left), calligrapher Kosho Awazu (second from the
left), and Koji Kishida, a shinobue (bamboo flute) performer (far right). The performance incorporated the scenic beauty of
Yokohama, the host city, to convey the conference message of hope through the large Kanji characters for “Kibou” (hope),
symbolizing that the fusion of “nuclear” and “medical” (sciences) - represented by two red Kanji characters, “Kaku” and “I”
(pronounced “ee”) - will save lives and promote healthy longevity. The person holding the microphone is Taiga Yamaya from
QST (second from the right), who served as MIC Co-Chair.
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2026 = 1 B 24 HTU4T (Publication on Jan. 24, 2026)
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