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1. Abstract
The Center for Nuclear Study (CNS) aims to elucidate the nature of nuclear system by producing the characteristic states where

the Isospin, Spin and Quark degrees of freedom play central roles. These researches in CNS lead to the understanding of the matter
based on common natures of many-body systems in various phases. We also aim at elucidating the explosion phenomena and the
evolution of the universe by the direct measurements simulating nuclear reactions in the universe. In order to advance the nuclear
science with heavy-ion reactions, we develop AVF upgrade, CRIB and SHARAQ facilities in the large-scale accelerators laboratories
RIBF. The OEDO facility has been developed as an upgrade of the SHARAQ, where a RF deflector system has been introduced to
obtain a good quality of low-energy beam. A new project for fundamental symmetry using heavy RIs has been starting to install new
experimental devices in the RIBF. We promote collaboration programs at RIBF as well as RHIC-PHENIX and ALICE-LHC with
scientists in the world, and host international meetings and conferences. We also provide educational opportunities to young scientists
in the heavy-ion science through the graduate course as a member of the department of physics in the University of Tokyo and through
hosting the international summer school.

2. Major Research Subjects
(1) Accelerator Physics
(2) Nuclear Astrophysics
(3) DONUTS/NUSPEQ
(4) Quark Physics
(5) Nuclear Theory
(6) OEDO/SHARAQ
(7) Exotic Nuclear Reaction
(8) Fundamental Physics

3. Summary of Research Activity
(1) Accelerator Physics

One of the major tasks of the accelerator group is the development of ion sources and the optimization of the beam transport
system for the experimental devices installed in the E7 experiment room. In 2024, HyperECR ion source operated for 1,735 hours. A
stability control system for the ion source is currently under development using machine learning technology. Several neural network
models have been developed and tested with operational data. The results suggested that a trend of beam current can be predicted when
adequate training data are provided. For the development of the pepper-pot emittance monitor (PEM), searches for measurement errors
were performed at Micro Analysis Laboratory, Tandem accelerator, The University of Tokyo and the measurement errors estimated
from the construction of PEM proved effective. Added to this, to distance the PEM’s camera taking beam views from beamline as a
means of decreasing radiation damage, the optical system was improved and the object distance came up to 4 m.

(2) Nuclear Astrophysics
The main activity of the nuclear astrophysics group is to study astrophysical reactions and special nuclear structures, using the

low-energy RI beam separator CRIB. An experiment to directly study astrophysical 13N(α, p) reaction was performed at CRIB in June
2024, in an international collaboration with TUNL and other groups in the world. The measurement was successfully completed with
a high intensity 13N beam, nearly 1×106 pps at maximum, with a purity of better than 90%. A beam production test for carbon isotope
beam was performed in May 2024, using a solid beryllium target, collaborating with the groups of Brussels and Kyushu University.

(3) DONUTS
The Low Energy Nuclear Reaction group studies exotic structures and nuclear dynamics using low-energy heavy ion beams. The

parts of ImPACT17-02-1 and -2, the transmutation of the long-lived fission products with protons and deuterons, and the surrogate
reaction of the neutron capture reaction, have been published. The data analysis of the other experiments are in progress. In addition,
as a pilot experiment of the fusion reaction measurement at OEDO in the future, a new project was started to evaluate the fusion
reaction cross sections of the near symmetric system at HIMAC. In collaboration with the SPADI-Alliance, RNC, RCNP, and other
domestic institutes, the ASAGI board is being developed for the readout of the SR-PPAC detector. The CNS GRAPE (Gamma-Ray
detector Array with Position and Energy sensitivity) remains a key instrument for high-resolution in-beam gamma-ray spectroscopy.
Digital signal processing equipment for GRAPE is also under development. Furthermore, a new type of scintillator with a wide
dynamic range (La-GPS), and a novel SiC semiconductor detector, are under development. Beyond our domestic activities, we are
participating in experiments at FRIB.

(4) Quark Physics
Main goal of the quark physics group is to understand the properties of many-body QCD system such as quark-gluon plasma

at extremely high-temperatures and color-glass condensate at extremely high-energies. The group has been involved in the ALICE
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experiment at Large Hadron Collider (LHC) at CERN, and the ePIC experiment at the Electron-Ion Collider (EIC) at BNL, where the
EIC is the future collider project at BNL and will start its operation from 2034. As for ALICE, the group has involved in the data
analyses, which include the measurement of low-mass lepton pairs in p-p and Pb-Pb collisions, the measurement of long range two
particle correlations in p-Pb collisions, searches for thermal photons in high multiplicity pp collisions. The group has involved in the
ALICE-TPC upgrade using a Gas Electron Multiplier (GEM), where the group is very active in the development and benchmarking
of the online space-charge distortion corrections using machine learning techniques running on the Graphical Processing Unit (GPU).
The group has started R&D for the MAPS silicon pixel detector for the ALICE ITS3 and ALICE3 upgrade. The group has been
conducting development of streaming data acquisition system for the ePIC experiment at the EIC.

(5) Nuclear Theory
The nuclear theory group is conducting large-scale shell-model calculations, having a strong relationship to the project “Program

for Promoting Researches on the Supercomputer Fugaku.” We have investigated nuclei in Ni and Er regions based on our Monte Carlo
shell model and quasiparticle vacua shell model calculations. Based on the nuclear theoretical calculations described above and on
measurements of astrophysically relevant nuclear reactions at CRIB conducted by the CNS group, we investigated the nucleosynthesis
of heavy elements in explosive astrophysical environments, such as those involving the r-process and rp-process.

(6) OEDO/SHARAQ
The OEDO/SHARAQ group conducts experimental studies with radioactive isotope (RI) beams using the high-resolution

SHARAQ spectrometer and the OEDO beamline for decelerated RI beams. The unique strength of the OEDO-SHARAQ system
lies in its versatility for both low-energy RI production and high-resolution spectroscopy. In 2024, the SHARAQ21-R1 experiment
was conducted. The transmission of 50Ca was found to be less efficient compared to 130Sn. In addition, we continue to analyze
previously obtained data and maintain the beamline. The experimental study of 0− strength in nuclei using the parity-transfer charge
exchange (16O, 16F) is in the final stage. We are also discussing the future plan of OEDO/SHARAQ.

(7) Exotic Nuclear Reaction
The Exotic Nuclear Reaction group studies various exotic reactions induced by heavy-ion beams. We completed the data analysis

of the double charge exchange 48Ca(12C, 12Be) reaction taken in 2021 and found a candidate of the double Gamow-Teller resonance.
The centroid energy and the width by simply taking an averaged excitation energy below Ex = 34 MeV were Ec = 23 ± 3 MeV and
Γ = 6 ± 1 MeV, respectively.

(8) Fundamental Physics
To investigate the mechanism on antimatter disappearance and the properties of dark matter, the development of the experimental

apparatus is being conducted for the search of the EDM (Electric Dipole Moment) of heavy elements, particularly francium (Fr),
which is highly sensitive to quantum correction effects arising from CP violation. Significant progress has been made in constructing a
beamline to produce the 210Fr with an AVF cyclotron through nuclear fusion reactions and developing a high-intensity source of 225Ac,
an alpha-emitter that serves as a generator for 221Fr with radiochemical methods. This year, to suppress major systematic errors such
as magnetic field fluctuations and vector light shifts, an optical lattice co-magnetometer was successfully developed. This device traps
two types of stable atoms, Rb and Cs, in an optical lattice and precisely measures their spin precession frequencies. The principle of
this novel method was demonstrated for the first time internationally.
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E. Ideguchi, K. Kobayashi, Y. Kondo, J. Lee, H. N. Liu, W. P. Liu, J. L. Lou, M. Matsushita, R. Minakata, T. Motobayashi, D. Nishimura,
H. Otsu, H. Sakurai, Y. Shiga, Y. P. Shen, D. Sohler, D. Steppenbeck, Y. L. Sun, S. Takeuchi, A. Tamii, R. Tanaka, Z. Y. Tian, Zs. Vajta,
T. Yamamoto, X. F. Yang, Z. H. Yang, Y. L. Ye, R. Yokoyama, and J. Zenihiro, “Production of neutron-rich nuclei in the vicinity of
78Ni: Fragmentation reactions of unstable 81Ga and 82Ge beams,” Phys. Lett. B 858, 139081 (2024).

T. T. Yeung, A. I. Morales, J. Wu, M. Liu, C. Yuan, S. Nishimura, V. H. Phong, N. Fukuda, J. L. Tain, T. Davinson, K. P. Rykaczewski,
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using laser-cooled francium atoms,” 6th Joint Meeting of the APS Division of Nuclear Physics and the Physical Society of Japan,
Hawaii, the Big Island, November 26–December 1, 2023.

[Domestic Conferences/Workshops]

小高康照 (ポスター発表),「大強度イオンビーム用ペッパーポット型エミッタンス測定器開発の現状」,第 21回日本加速器学会年
会,山形テルサ, 2024年 7月 31日–8月 3日.

鎌倉恵太 (ポスター発表),「機械学習を用いた ECRイオン源ビーム電流予測」,第 21回日本加速器学会年会,山形テルサ, 2024年
7月 31日–8月 3日.

H. Yamaguchi (口頭発表) “Recent activities at CRIB—the low-energy RI beam separator of CNS,” RIBF Users Meeting 2025, RIKEN
Nishina Center, Wako, Saitama, Japan, January 21, 2025.

N. Kitamura,「高分解能波形ディジタイザの応用展開と波形処理開発の今後」, CEF-SPADI合同研究会次世代 DAQ・トリガーシ
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ステムを目指して, KEKつくばキャンパス, 2024年 7月.
今井伸明,「原子核科学からのアプローチ」核融合学会第 41回年会シンポジウム「小型球状トカマク核融合炉が拓く未来」, 2024
年 11月 11日.

花井周太郎,「大強度重イオンビームのための位置感応検出器の開発」,計測システム研究会 2024,東京大学, 2024年 11月 18–24日.
北村徳隆,「32Mgと 30Mgのガンマ線分光による「反転の島」の研究」,日本物理学会 2025年春季大会, Online, 2025年 3月.
花井周太郎, 「ASAGI ASD カード導入に向けた試験状況—SR-PPAC の場合—」, The 3rd Workshop on Signal processing and data

acquisition infrastructure (SPADI2025), RARiS三神峯事業所, 2025年 3月.
N. Kitamura,「高分解能波形ディジタイザ FW開発：RIBF実験での運用」, The 3rd Workshop on Signal processing and data acquisition

infrastructure (SPADI2025), RARiS三神峯事業所, 2025年 3月.
今井伸明,「変形共存核での単一粒子軌道—非平衡状態ダイナミクスへの足掛かり」, RCNP研究会「核子系と電子系における対
相関と対凝縮相」, 2025年 9月 9–11日.

N. Kitamura, “The past, present, and future of physics programs at OEDO-SHARAQ,” RIBF Users Meeting 2025, Wako, 2025年 1月.
郡司卓,「高エネルギー原子核衝突による極限現象」,極限的物理探求に関する小研究会～天体現象と地上実験のクロスオーバー
～,東京大学, 11月 30日.

郡司卓,「Recent experimental developments of high-temperature and high-density QCD Physic」, RARiS研究会「実験,反応・構造
計算,格子 QCDで解き明かすハドロン分光」,東北大学, RARiS, 11月 20–21日.

郡司卓,「Highlights of Detector Technologies of EIC experiment」, QBI 2024,東京理科大, 2024年 9月 26–27日.
郡司卓,「高エネルギー原子核実験で探るクォーク多体系と凝縮相」,核子系と電子系における対相関と対凝縮相,大阪大学 RCNP,

9月 9–11日.
郡司卓,「高エネルギー QCD物理（実験）今後の展望 : EICを中心に」, QNSI kickoff workshop,東大, 8月 28日.
郡司卓,「初めにと EICおよび ePIC実験の現状」, EICで展開する新たな素粒子・原子核物理,東大, 5月 28–29日.
郡司卓, “EICと ePIC実験の現状,”シンポジウム「電子-イオン衝突型加速器 EICが展開する新たな原子核・素粒子物理」,日本物
理学会第 79回年次大会, 2024年 9月 16–19日.

小原遼太郎 for the ALICE Collaboration, “ALICE-ITS3アップグレードに向けた babyMOSSの性能評価,”日本物理学会第 79回年
次大会, 2024年 9月 16–19日.

宇都野穣（招待講演）,「大規模殻模型計算による遷移強度分布: 手法と応用例」,研究会「核反応の時間発展ダイナミクスの解明に
向けて」,埼玉県和光市（理化学研究所）, 2024年 9月 25–26日.

宇都野穣（招待講演）,「モンテカルロ殻模型計算によるアルファクラスターの形成」,高密度物質研究会,茨城県東海村（日本原子
力研究開発機構）, 2024年 12月 14–15日.

角田佑介,清水則孝,大塚孝治（口頭発表）,「モンテカルロ殻模型による N = 50近傍の核構造の研究」,日本物理学会第 79回年次
大会,北海道札幌市（北海道大学札幌キャンパス）, 2024年 9月 16–19日.

角田佑介（口頭発表）,「準粒子真空殻模型法による中重核構造の研究」,「富岳成果創出加速プログラム」基礎科学合同シンポジウ
ム 2024,東京都千代田区（アーバンネット神田カンファレンス）, 2025年 1月 8–10日.

西村信哉,「重力崩壊型超新星での元素合成: 新たな原子核実験への挑戦」, CfCAユーザーズミーティング 2024,三鷹市（国立天
文台）, 2024年 11月 25–26日.

西村信哉（招待講演）,「νpプロセスの序盤,中盤,終盤,隙なく天体核反応測定で決めるには？」,宇核連研究会 2025,茨城県つく
ば市（高エネルギー加速器研究機構）, 2025年 3月 24–26日.

阪上朱音,「二重荷電交換反応 (12C, 12Be(0+2 ))を用いた二重ガモフ・テラー巨大共鳴の探索」, RCNP研究会「原子核におけるスピ
ン自由度の織り成すダイナミクス」, RCNP, 2024年 12月 11日.

中澤正樹（口頭発表）,「2光子ラマン共鳴を利用した Csのラムゼー分光のためのパルス制御の計算」,日本物理学会・春季大会,
(オンライン), 2025年 3月 18日–3月 21日.

永瀬慎太郎（口頭発表）,「電気双極子能率探索に向けたゼーマンシフトとベクトル光シフトの同時抽出」,日本物理学会・春季大
会, (オンライン), 2025年 3月 18日–3月 21日.

Y. Sakemi (invited), “Fundamental Physics with Cold Radioactive Heavy Elements,” Neutrinos Electro-Weak interactions and Symmetries
(NEWS) colloquium, October 31, 2024.

[Seminars]
N. Imai, “Challenging Neutron-Capture Reactions with an Old Idea and Cutting-Edge Technology,” Seminar at Southern university of

Science and Technology, Shenzhen, China, October 10, 2024.
酒見泰寛,「この世界は何でできている？ ～原子核が教える物質の仕組み～」,放射線安全フォーラム市民公開講座「基礎物理研
究とそれを支える放射線安全」, 2025年 3月 23日.

Awards
下浦享,仁科記念賞,「4中性子状態の実験的研究」, 2024.
N. Kitamura, Young Scientist Award of the Physical Society of Japan, 2024.
Y. Yamamoto, ANPhA award for the best presentation at PCM2025.
永瀬慎太郎,東京大学理学系研究科研究奨励賞, 2025年 3月.
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