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素粒⼦標準理論を超えて
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素粒⼦標準理論
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⼩林-益川理論の検証
(Bファクトリー)

ニュートリノ
振動の発⾒
(n振動実験)

g W Z H
ヒッグス粒⼦の発⾒
(LHC)

標準理論では説明できないこと
• 暗⿊物質の正体
• 物質優勢宇宙の成り⽴ち
• クォーク・レプトンの質量が

11桁以上にわたる理由

標準理論を超える
新しい物理法則

(新物理)
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ミューオンに
表れた⽭盾?
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2021年4⽉8⽇のフェルミ国⽴研究所の発表
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• 2021年4⽉8⽇午前0時(⽇本時間)、⽶国フェルミ国⽴研究所（FNAL, フェルミラボ）か
らミューオン異常磁気能率（g-2）の測定結果が全世界に発表された

新しいアイデアによる独⽴実験
⼿法でズレを検証し、

２０年来の未解決問題に終⽌符

素粒⼦標準理論の予測(2020)

2021年4⽉8⽇発表

平均値

(2006)

未解決なズレ
(新物理の兆候？)

J-PARC(2025-)

同じ実験⼿法
主要測定装置を再利⽤

FNAL g-2の結果から分かったこと
(1) 先⾏実験(BNL)の測定結果を再現
(2) 標準理論から誤差の4.2倍⼤きい

（これまでは3.7倍）

4,500回以上引⽤

１７０名からなる理論国際研究グループが発足し、理論値の検
証を行い、従来の理論値が正しいことが示された(2020年6月)。

ミュオン異常磁気能率 aµ= (g-2)/2 



解説記事 KEK素核研トピックス
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https://www2.kek.jp/ipns/ja/post/2021/04/20210430/ (KEKトップページからもたどれます。)

https://www2.kek.jp/ipns/ja/post/2021/04/20210430/


g-2(ジーマイナスツー)とは︖
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g-2とは異常磁気双極⼦能率のことで、
素粒⼦が持つ磁⽯の強さ（のうち量⼦効果によるもの）

g-2を決めている
のは、全ての素
粒⼦と相互作⽤

異常磁気双極⼦能率

ミュオンの異常磁気能率(g-2)とはミュオ
ンがもつ磁気的性質の強さで、磁場に対
するスピンの応答のうち、特に量⼦効果
のみを抜き出したもの。

g-2に現れる量⼦効果は、粒⼦が仮想的
に出し⼊れされる効果である。全ての相
互作⽤（電磁気⼒・強い⼒・弱い⼒）と
それらを感じる全ての粒⼦が加算的に⾜
し合わされる。

もし、未知の⼒や素粒⼦が存在すれば、
g-2の標準理論の予想からの差として現
れるはずである。



ミュオンg-2の内訳

[x10-10]

電磁気⼒
によるもの

強い⼒に
よるもの

弱い⼒に
よるもの

今回再確認された
標準理論で説明で
きない部分

重要：「標準理論で説明
できない部分」が弱い⼒
によるものと同程度

7

数値はPhys. Rep. 887 (2020) 1-166による

g-
2へ

の
寄

与



⼈類は素粒⼦標準理論の綻びを⾒つけたか︖
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• ケース１ 新しい物理法則（最もエキサイティング）

• ケース２ 標準理論の計算が間違い

• ケース３ 測定が間違い



⼈類は素粒⼦標準理論の綻びを⾒つけたか︖
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• ケース１ 新しい物理法則（最もエキサイティング）
• もし新しい物理法則が存在する場合、それに付随する未知の素粒⼦を⽰唆

ただし、g-2のズレだけからはどれが正しい物理法則かわからない。
他の情報が必要。
例）時間反転対称性の破れ（EDM）、フレーバー対称性（ミュオン-電⼦（COMET）、B中間⼦・タウ（Belle II））

超対称性粒⼦ 複数ヒッグス粒⼦

Zʼボソン粒⼦

アクシオン
様粒⼦

レプトクォーク粒⼦

IPMU21–0027

KEK–TH–2319

Supersymmetric Interpretation of the Muon g � 2 Anomaly

Motoi Endo,(a,b,c) Koichi Hamaguchi,(c,d) Sho Iwamoto,(e) and Teppei Kitahara(f,g)

(a)KEK Theory Center, IPNS, KEK, Tsukuba, Ibaraki 305–0801, Japan
(b)The Graduate University of Advanced Studies (Sokendai), Tsukuba, Ibaraki 305–0801, Japan
(c)Kavli IPMU (WPI), UTIAS, The University of Tokyo, Kashiwa, Chiba 277–8583, Japan
(d)Department of Physics, The University of Tokyo, Bunkyo-ku, Tokyo 113–0033, Japan
(e)ELTE Eötvös Loránd University, Pázmány Péter sétány 1/A, Budapest H-1117, Hungary
(f)Institute for Advanced Research, Nagoya University, Nagoya 464–8601, Japan
(g)Kobayashi-Maskawa Institute for the Origin of Particles and the Universe,

Nagoya University, Nagoya 464–8602, Japan

Abstract

The Fermilab Muon g�2 collaboration recently announced the first result of measure-
ment of the muon anomalous magnetic moment (g� 2), which confirmed the previous
result at the Brookhaven National Laboratory and thus the discrepancy with its Stan-
dard Model prediction. We revisit low-scale supersymmetric models that are naturally
capable to solve the muon g�2 anomaly, focusing on two distinct scenarios: chargino-
contribution dominated and pure-bino-contribution dominated scenarios. It is shown
that the slepton pair-production searches have excluded broad parameter spaces for
both two scenarios, but they are not closed yet. For the chargino-dominated scenario,
the models with meµL & me�±

1
are still widely allowed. For the bino-dominated sce-

nario, we find that, although slightly non-trivial, the region with low tan� with heavy
higgsinos is preferred. In the case of universal slepton masses, the low mass regions
with meµ . 230GeV can explain the g � 2 anomaly while satisfying the LHC con-
straints. Furthermore, we checked that the stau-bino coannihilation works properly
to realize the bino thermal relic dark matter. We also investigate heavy staus case for
the bino-dominated scenario, where the parameter region that can explain the muon
g � 2 anomaly is stretched to meµ . 1.3TeV.

Keywords: Muon g � 2, Supersymmetry phenomenology
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TTP21-009

P3H-21-025

Muon g � 2 and B-anomalies from Dark Matter

Giorgio Arcadi 1,2, Lorenzo Calibbi 3, Marco Fedele 4, and Federico Mescia 5

1
Dipartimento di Matematica e Fisica, Università di Roma 3, Via della Vasca Navale 84, 00146, Roma, Italy

2
INFN Sezione Roma 3

3
School of Physics, Nankai University, Tianjin 300071, China

4
Institut für Theoretische Teilchenphysik, Karlsruhe Institute of Technology, D-76131 Karlsruhe, Germany

5
Dept. de F́ısica Quàntica i Astrof́ısica, Institut de Ciències del Cosmos (ICCUB), Universitat de Barcelona,

Mart́ı i Franquès 1, E-08028 Barcelona, Spain

Abstract

In the light of the recent result of the Muon g-2 experiment and the update on the test of lepton flavour

universality RK published by the LHCb collaboration, we systematically build and discuss a set of models

with minimal field content that can simultaneously give: (i) a thermal Dark Matter candidate; (ii) large

loop contributions to b ! s`` processes able to address RK and the other B anomalies; (iii) a natural

solution to the muon g � 2 discrepancy through chirally-enhanced contributions.

E-mail: giorgio.arcadi@uniroma3.it, calibbi@nankai.edu.cn, marco.fedele@kit.edu, mescia@ub.edu
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CERN-TH-2021-050, PSI-PR-21-04, ZU-TH 14/21

Consequences of chirally enhanced explanations of (g � 2)µ for h ! µµ and Z ! µµ

Andreas Crivellin1, 2, 3, ⇤ and Martin Hoferichter4, †

1
CERN Theory Division, CH–1211 Geneva 23, Switzerland

2
Paul Scherrer Institut, CH–5232 Villigen PSI, Switzerland

3
Physik-Institut, Universität Zürich, Winterthurerstrasse 190, CH–8057 Zürich, Switzerland

4
Albert Einstein Center for Fundamental Physics, Institute for Theoretical Physics,

University of Bern, Sidlerstrasse 5, CH–3012 Bern, Switzerland

With the long-standing tension between experiment and Standard-Model (SM) prediction in the
anomalous magnetic moment of the muon aµ recently rea�rmed by the Fermilab experiment, the
crucial question becomes which other observables could be sensitive to the underlying physics beyond
the SM to which aµ may be pointing. While from the e↵ective field theory (EFT) point of view
no direct correlations exist, this changes in specific new physics models. In particular, in the
case of explanations involving heavy new particles above the electroweak (EW) scale with chiral
enhancement, which are preferred to evade exclusion limits from direct searches, correlations with
other observables sensitive to EW symmetry breaking are expected. Such scenarios can be classified
according to the SU(2)L representations and the hypercharges of the new particles. We match the
resulting class of models with heavy new scalars and fermions onto SMEFT and study the resulting
correlations with h ! µµ and Z ! µµ decays, where, via SU(2)L symmetry, the latter process is
related to Z ! ⌫⌫ and modified W–µ–⌫ couplings.

I. INTRODUCTION

The recent release of Run 1 data of the Fermilab Muon
g�2 experiment [1–4] confirms the previous measurement
at Brookhaven National Laboratory [5], leading to a new
combined world average of

aexp
µ

= 116 592 061(41)⇥ 10�11, (1)

which di↵ers from the SM theory prediction [6–33]1

aSM
µ

= 116 591 810(43)⇥ 10�11 (2)

by 4.2�. If this tension indeed signals physics beyond
the SM (BSM), the most pressing challenge becomes un-
raveling its nature. Given that the di↵erence �aµ =
aexp
µ

�aSM
µ

= 251(59)⇥10�11 is even larger than the EW
contribution, aEW

µ
= 153.6(1.0)⇥10�11 [9, 10], any BSM

explanation with new particles needs to invoke some en-
hancement mechanism. A promising class of solutions
achieves this by avoiding a SM-like scaling aBSM

µ
/ m2

µ
,

with the chirality flip originating from a large coupling to
the SM Higgs instead of the small muon Yukawa coupling
in the SM. This chiral enhancement allows for viable so-
lutions for particle masses up to tens of TeV [47–50].

Explicit models that realize this mechanism include
the minimal supersymmetric SM (MSSM), where the
enhancement factor is provided by tan � [51–53], tak-
ing values around 50 [54, 55] in the case of top–bottom

⇤Electronic address: andreas.crivellin@cern.ch
†Electronic address: hoferichter@itp.unibe.ch
1 Some recent developments include Refs. [34–40] for hadronic vac-
uum polarization and Refs. [41–46] for hadronic light-by-light
scattering.

Yukawa coupling unification. For universal supersym-
metry breaking mechanisms the LHC bounds on the su-
persymmetric partners are already so stringent that this
enhancement [56–58] is insu�cient to explain aµ, but
less minimal scenarios can still work [59]. Next, lepto-
quark (LQ) models can even display an enhancement
factor of mt/mµ ⇡ 1700 [60–68], allowing for a TeV-
scale explanation with perturbative couplings that evades
direct LHC searches and might even explain the other
anomalies pointing towards lepton flavor universality vi-
olation. Other models in which chiral enhancement may
be present include composite or extra-dimensional mod-
els [69–71], models with two Higgs doublets [72–74], or
Z 0 models with ⌧µ couplings [75].

In this work, we study the question which correla-
tions exist with other processes, specifically h ! µµ and
Z ! µµ decays, if indeed such a BSM scenario with
chiral enhancement is realized. For this purpose, we con-
sider a class of models with new scalars and fermions that
display the minimal features to implement the chiral en-
hancement, allowing for a wide range of SU(2)L repre-
sentations and hypercharges. As a first step we match
these models onto the relevant set of dimension-6 e↵ec-
tive operators in SMEFT [76, 77], based on which corre-
lations have been pointed out in Refs. [78–80]. However,
this assumes that only a single or a few Wilson coe�-
cient are non-zero at the matching scale, while if the full
set of possible initial conditions is taken into account,
the size of the SMEFT parameter space is not reduced.
The identification of correlations beyond SMEFT rela-
tions originating from SU(2)L invariance is only possi-
ble with additional assumptions, such as implemented in
simplified models.

In order to achieve chiral enhancement in aµ with new
particles in the loop, at least three fields (two scalars and
one fermion or two fermions and one scalar) are needed,
some of which, as, e.g., in LQ models, can be taken from
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Wino-Higgsino dark matter in MSSM from the g � 2
anomaly

Sho Iwamoto(a), Tsutomu T. Yanagida(b,c) and Norimi Yokozaki(d)

(a)
ELTE Eötvös Loránd University, Pázmány Péter sétány 1/A, Budapest H-1117, Hungary

(b)
Tsung-Dao Lee Institute, Shanghai Jiao Tong University, Shanghai 200240, China

(c)
Kavli IPMU (WPI), UTIAS, The University of Tokyo, 5–1–5 Kashiwanoha, Kashiwa, Chiba

277–8583, Japan

(d)
Zhejiang Institute of Modern Physics and Department of Physics, Zhejiang University,

Hangzhou, Zhejiang 310027, China

Abstract

In this letter, we show that the wino-Higgsino dark matter (DM) is de-
tectable in near future DM direct detection experiments for almost all con-
sistent parameter space in the spontaneously broken supergravity (SUGRA)
if the muon g � 2 anomaly is explained by the wino-Higgsino loop diagrams.
We also point out that the present and future LHC experiments can exclude
or confirm this SUGRA explanation of the observed muon g � 2 anomaly.
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Prepared for submission to JHEP

Challenges for an axion explanation of the muon

g � 2 measurement

Manuel A. Buen-Abad,a JiJi Fan,a,b Matthew Reece,c Chen Sund

a
Department of Physics, Brown University, Providence, RI, 02912, USA

b
Department of Physics and Brown Theoretical Physics Center, Brown University, Providence, RI,

02912, U.S.A.

c
Department of Physics, Harvard University, Cambridge, MA, 02138, U.S.A

d
School of Physics and Astronomy, Tel-Aviv University, Tel-Aviv 69978, Israel

E-mail: manuel buen-abad@brown.edu, jiji fan@brown.edu,

mreece@g.harvard.edu, chensun@mail.tau.ac.il

Abstract: The discrepancy between the muon g � 2 measurement and the Standard

Model prediction points to new physics around or below the weak scale. It is tantalizing

to consider the loop e↵ects of a heavy axion (in the general sense, also known as an axion-

like particle) coupling to leptons and photons as an explanation for this discrepancy. We

provide an updated analysis of the necessary couplings, including two-loop contributions,

and find that the new physics operators point to an axion decay constant on the order of

10s of GeV. This poses major problems for such an explanation, as the axion couplings

to leptons and photons must be generated at low scales. We outline some possibilities for

how such couplings can arise, and find that these scenarios predict new charged matter at

or below the weak scale and new scalars can mix with the Higgs boson, raising numerous

phenomenological challenges. These scenarios also all predict additional contributions to

the muon g�2 itself, calling the initial application of the axion e↵ective theory into question.

We conclude that there is little reason to favor an axion explanation of the muon g � 2

measurement relative to other models postulating new weak-scale matter.
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Muon g � 2 in two-Higgs-doublet model with type-II seesaw

mechanism

Chuan-Hung Chen,1, 2, ⇤ Cheng-Wei Chiang,3, 2, † and Takaaki Nomura4, ‡

1Department of Physics, National Cheng-Kung University, Tainan 70101, Taiwan

2Physics Division, National Center for Theoretical Sciences, Taipei 10617, Taiwan

3Department of Physics, National Taiwan University, Taipei 10617, Taiwan

4College of Physics, Sichuan University, Chengdu 610065, China

(Dated: April 13, 2021)

Abstract

We study the two-Higgs-doublet model with type-II seesaw mechanism. In view of constraints

from the Higgs data, we consider the aligned two-Higgs-doublet scheme and its e↵ects on muon

anomalous magnetic dipole moment, aµ, including both one-loop and two-loop Barr-Zee type dia-

grams. Thanks to a sizable trilinear scalar coupling, the Barr-Zee type diagrams mediated by the

Higgs triplet fields have a dominant e↵ect on aµ. In particular, unlike the usual two-Higgs-doublet

models that require exotic Higgs bosons light in mass, the masses of the corresponding particles in

the model are of O(100) GeV. The doubly-charged Higgs boson presents a di↵erent decay pattern

from the usual Higgs triplet model and thus calls for a new collider search strategy, such as multi-⌧

searches at the LHC.

⇤e-mail: physchen@mail.ncku.edu.tw
†e-mail: chengwei@phys.ntu.edu.tw
‡Electronic address: nomura@scu.edu.cn
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ベクトル型レプトン粒⼦
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IFIC/21-08, FTUV-21-0407

Implications of the Muon g-2 result on the

flavour structure of the lepton mass matrix

Lorenzo Calibbi †1, M.L. López-Ibáñez ‡ §2, Aurora Melis !3, Oscar Vives ×4

† School of Physics, Nankai University, Tianjin 300071, China

‡ CAS Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,

Chinese Academy of Sciences, Beijing 100190, China

§ Departamento de Física, Campus de Rabanales Edif. C2,

Universidad de Córdoba, E-14071 Córdoba, Spain

! Laboratory of High Energy and Computational Physics, NICPB, Rävala 10, 10143 Tallinn, Estonia

× Departament de Física Tèorica, Universitat de València, Dr. Moliner 50, E-46100 Burjassot

& IFIC, Universitat de València & CSIC, E-46071, Paterna, Spain

Abstract

The confirmation of the discrepancy with the Standard Model predictions in the anoma-

lous magnetic moment by the Muon g-2 experiment at Fermilab points to a low scale

of new physics. Flavour symmetries broken at low energies can account for this discrep-

ancy but these models are much more restricted, as they would also generate off-diagonal

entries in the dipole moment matrix. Therefore, in these theories, lepton flavour violat-

ing processes can constrain the structure of the lepton mass matrices and therefore the

flavour symmetries themselves predicting these structures. We apply these ideas to sev-

eral discrete flavour symmetries popular in the leptonic sector, such as ∆(27), A4, and

A5 ! CP.

1calibbi@nankai.edu.cn
2maloi2@uv.es
3aurora.melis@uv.es
4oscar.vives@uv.es

1

4⽉8⽇の発表から数⽇で約７０本の理論論
⽂が投稿された。⼤きく６種類のカテゴリに
分類可能（名古屋⼤・北原⽒による整理）。

J-PARC実験で測定



g-2 と EDM

+

-

異常磁気双極⼦能率
(g-2)

電気双極⼦能率
(EDM)

双極⼦能率を複素数表⽰
したときの実部と虚部の関係

時間反転対称性
を破る

時間反転対称性
を保つ

電荷“磁荷”

今回、標準理論
からのズレが
再確認された

10
• 電気双極⼦能率(EDM)とは粒⼦が持つ電気的性質の⼀つで、時間反転対称性(T)、空間反転対称性（P）を同時に破る。ミュオンg-2

に新物理が⾒えている場合、EDMを同時に測定すれば、新物理がT対称性・P対称性を破るのかどうか調べることができる。物質
優勢宇宙で必要とされる未発⾒のCP対称性の破れの理解にも重要



⼈類は素粒⼦標準理論の綻びを⾒つけたか︖
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• ケース２ 標準理論の計算が間違い
• これは最も考えにくいシナリオ

• 理由１ 計算に理論的な仮説が不要
• 理由２ 膨⼤な実験データをインプットとして計算されている。つまり、

計算を間違えるためには、過去のたくさんの実験データが間違えていない
といけない

• 理由３ 世界の理論研究者によるクロスチェックをパス

• 今後の進展
• 計算機シミュレーションの⾼精度化に期待
• KEK Belle II実験の⾼精度データが重要なインプットに。

Physics Reports 887 (2020) 1–166

Contents lists available at ScienceDirect

Physics Reports

journal homepage: www.elsevier.com/locate/physrep

The anomalousmagneticmoment of themuon in the Standard
Model
T. Aoyama 1,2,3, N. Asmussen 4, M. Benayoun 5, J. Bijnens 6, T. Blum 7,8,
M. Bruno 9, I. Caprini 10, C.M. Carloni Calame 11, M. Cè 9,12,13, G. Colangelo 14,⇤,
F. Curciarello 15,16, H. Czyª 17, I. Danilkin 12, M. Davier 18,⇤, C.T.H. Davies 19,
M. Della Morte 20, S.I. Eidelman 21,22,⇤, A.X. El-Khadra 23,24,⇤, A. Gérardin 25,
D. Giusti 26,27, M. Golterman 28, Steven Gottlieb 29, V. Gülpers 30, F. Hagelstein 14,
M. Hayakawa 31,2, G. Herdoíza 32, D.W. Hertzog 33, A. Hoecker 34,
M. Hoferichter 14,35,⇤, B.-L. Hoid 36, R.J. Hudspith 12,13, F. Ignatov 21,
T. Izubuchi 37,8, F. Jegerlehner 38, L. Jin 7,8, A. Keshavarzi 39, T. Kinoshita 40,41,
B. Kubis 36, A. Kupich 21, A. Kup±¢ 42,43, L. Laub 14, C. Lehner 26,37,⇤, L. Lellouch 25,
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⼈類は素粒⼦標準理論の綻びを⾒つけたか︖

12

• ケース３ 測定が間違い

• トップクラスの素粒⼦物理学者が２０年かけて⾏ったとても難
しい実験

• 重要な発⾒は独⽴に検証されるべき
（例︓重⼒波・ヒッグス粒⼦・B中間⼦CP⾮保存、ニュートリノ振動、他）

測定値(平均) 0.00116 592 061 (41) (0.35 ppm)
理論値 0.00116 591 810 (43) (0.37 ppm)
理論値との差 0.00000 000 251 (59) 

誤差 相対誤差

例）⾝⻑(1.6m)
を0.6µmの精度で

測定

例）背⽐べをして
⾝⻑(1.6m)が
3.6µmの⾼い

独⽴⼿法による実験（J-PARC）の意義



G. Venanzoni,  SIF, 16  Sett 2020AVG

Updated g-2 history (April 8 2021)

Muon G-2 FNAL data
Exp. Average

G. Venanzoni,  CERN Seminar, 8  April  2021
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ミューオンg-2測定の歴史

実験理論

1979年

2021年

2006年

13

同
じ
実
験

同
じ
測
定
⼿
法



磁⽯の歳差運動

磁場

S

N
磁場中で磁⽯は歳差
運動をする。

磁場と歳差運動周波数
がわかれば磁⽯の強さ
がわかる。



ミューオンの磁気双極⼦能率の歳差運動

磁場

S

N
磁場中で磁⽯は歳差
運動をする。

磁場と歳差運動周波数
がわかれば異常磁気双
極⼦能率 (g-2)が測定
できる。

磁場の向きと歳差運動
の軸がわかればEDMが
測定できる。



ブルックヘブン国⽴研究所 ミュオンg-2実験(1997-2001)

16
Photo courtesy of BNL E821

B= 1.45 T

14m

µ+ (3 GeV)

ミュオン蓄積磁⽯

崩壊陽電⼦
検出器

e+

⽇本の貢献（KEK 名誉教授⼭本明先⽣、他）
• 特殊超伝導磁⽯“インフレクター”
• ⽇本製⾼純度鉄で製作された”磁⽯ポールピース”
• 蓄積ビーム分布測定器
à全て今回のフェルミラボの実験でも使われている



フェルミ国⽴研究所 ミュオンg-2実験(2018-)

17Photo courtesy of Fermilab E989

B= 1.45 T

14m

µ+ (3 GeV)

14m

Future

TDR
• RUN1 is only 6% of the 

final dataset
• Analysis of RUN2/3 

(expect an 
improvement of a 
factor ~2  in precision)

• RUN4 (November 2020-
July 2021) is expected to 
bring  the statistics  to 
~13 BNL

• RUN5 in 2021-2022 
should allow to achieve 
the x20 BNL project goal

RUN1
RUN2

RUN3

RUN4

RUN5

xBNL

G. Venanzoni,  CERN Colloquium, 8  April  2021
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今回の結果
(⽬標データ

の6%)

取
得
デ
ー
タ
量



Bird’s eye photo in Feb. 2008

⼤強度陽⼦加速器施設 J-PARC



J-PARCの実験

19

0.66 m

ミュオン蓄積磁⽯

ミュオン直線加速器

ミュオン冷却

J-PARC 物質・⽣命科学実験施設
(MLF)

µ+ (210 MeV)

µ+ (25 meV)

ミュオンg-2とEDMを同時に精密測定

ミュオン⼊射・
蓄積装置

ビーム調整診断エリア

電源設備・高周波源設備



⼩さいことは良いことか︖ 磁場の⼀様性の⽐較

20

25 ppb/line

J-PARC（直径0.66m）FNAL (直径14mの蓄積磁⽯)

250 ppb/line

鉛
直

⽅
向

鉛
直

⽅
向

⽔平⽅向
⽔平⽅向

約１０倍の磁場
⼀様性を達成



新しいミュオンビーム

21

J-PARC

陽⼦ビーム π+ μ+

パイ中間⼦
⽣成

崩壊

冷
却
・加
速 μ+

従来のミュオンビーム
~1kmで10m拡がる
系統誤差の主要因に。

新しいミュオンビーム
(独⾃技術)

~1kmで1cm拡がる

BNL
FNAL

新しいミュオンビームにより
• コンパクトな蓄積磁⽯・検出器(1/20)
• 微弱ビーム収束⼒で蓄積(1/1000)
• ⾼いビーム⼊射効率(x10)
が可能となる。



Comparison of two similarly patterned 68 mm targets, one-side vs 
two-sides ablated

Warped Not warped

U-line Target 3 produced in May 2019 New target

-
23

ミュオン
ビーム
4 MeV
（冷却前）

8 mm 22

ミュオニウム (m+e-)
30 meV（冷却後, 8桁の冷却）

µ+

レーザー⽳加⼯を施した
シリカエアロゲル

（SiO2, 30 mg/cc）

○穴加工なし
●穴加工あり

先⾏実験を超える精度の測定を
⾏うのに⼗分な収量を確認

ミュオン冷却(世界初、J-PARC独⾃)

カナダTRIUMFで測定
（2011, 2013, 2018）

平成２７年 ⾼エネルギー加速器科学研究奨励会 ⻄川賞
「極冷ミュオンビーム実現のためのミュオニウム標的開発」



ミュオンの⾼周波加速(世界初、J-PARC独⾃)
負ミュオニウムイオンを⽤いた試験
J-PARC MLF D2, 2017年10⽉

23Phys. Rev. Accel. Beams 21, 050101 (2018)

90 keVまでの
加速実証に成功︕
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4 MeV 25 meV

エミッタンス

共鳴イオン化
レーザー

熱ミューオニウム
⽣成標的

初期加速
収束電極

ミュオン直線加速器

212 MeV

Mu
(µ+e-)

µ+

µ+

表⾯ミュオン
ビームライン

e+

ミュオン蓄積磁⽯

初段加速
低速部再加速

第２段階加速
ミューオン専⽤

第３段階加速
電⼦加速器型

冷却ミュオン源

40 MeV4.5 MeVエネルギー

1π mm mrad1000π

ミュオン⼊射・蓄積装置

これまでの成果
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(a) Muonium production target (b) Muon acceleration to 80 keV (c) Unit module of positron detector

TRIUMF
(2013)
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(d) Magnetic field probe (NMR)
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(a) Muonium production target (b) Muon acceleration to 80 keV (c) Unit module of positron detector

TRIUMF
(2013)

J-PARC
(2017)

J-PARC,
Tohoku U
(2019)

(d) Magnetic field probe (NMR)

ANL
(2018)

SNR=33

1.9 ppb

Beamline construction (2020)

2021年から
運転開始

PTEP 2013,103C01
PTEP 2014,091C01
PTEP 2020,123C01

Prog. Theor. Exp. Phys. 2019, 053C02

PRAB 19, 040101 (2016)
PRAB 21, 050101 (2018)
PRAB 23, 022804 (2020)
PRAB 24, 033403 (2021)

JINST 15 P04027 (2020)
IEEE TNS 67, 2089, 2020

NIMA 890, 51 (2018)
IEEE TAS, 29, 9000904 (2019)

科研費特別推進研究採択 (2020-2025) ：陽電子飛跡検出器・磁場測定装置等の製作

設計完了 設計完了
2021年から
試験稼働

電子ビームで

評価中

陽電子飛跡検出器

磁場測定装置

https://ieeexplore.ieee.org/document/9153019
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2020 2021 2022 2023 2024 2025 2026

KEK
建設予算

表面ミュオ
ンビーム

拡張建屋・
設備

ミュオン源

LINAC

ビーム入射・
蓄積

蓄積磁石

検出器

DAQ・ネット
ワーク

データ解
析

スケジュール・マイルストーン

★ Beam at H1 area

★ Ionization test @S2

★ 1 MeV acceleration@S2

★ Completion of
electron injection test

★Mass production ready

調
整

デ
ー
タ
収
集

★ Completion

★ 4.5 MeV@ H2
★ 10 MeV 

★ Install
★ B-field probe
ready

★ Ready

★ 210 MeV 

★muon injection

★ Shimming done

★ Installation

★ Analysis environment ready

★ Beam at H2 area

★ Ionization test at H2

★ Analysis software ready

データ収
集開始

最初の結
果発表

★ Final design

概算要求申請中

25



Collaboration board (CB)
Chair: Seonho Choi

Executive board (EB)
Spokesperson: T. Mibe

Subgroups Interface coordinators Committees
Speakers committee

 chair: K.Ishida, E. Won

Publication committee
 chair: S. Eidelman

Y. Kondo

Surface muon beam
  leader: T. Yamazaki, N. Kawamura

K. Ishida
Ultra-slow muon
  leader: K. Ishida, G. Marshall

M. Otani

LINAC
  leader: Y. Kondo, M. Otani

DAQ and computing
  leader: Y. Sato, S. Lee

T. Suehara T. Yamanaka
Analysis
  leader: T. Yamanaka

Injection and storage
  leader: H. Iinuma

H. Iinuma
Storage magnet, field 
measurements

T. Kume
Detector
  leader: T. Yoshioka

Y. Sato

約120名 カナダ・中国・チェコ・フランス・⽇本・韓国・ロシア・⽶国・インド

(K. Hayasaka)

国際共同研究グループ

26

国内大学・研究機関：
九州大学、名古屋大学、東北大学、新
潟大学、東京大学、茨城大学、立教大
学、理化学研究所、JAEA、他
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学生国際交流
2017 2018

2019

IITH
(India)

IITH
(India)

Peking
(China)

KAIST
(Korea)

IITK
(India) SOKENDAI

Seoul
(Korea) (Indonesia)

STJU
(China)

Visiting 
professor,
Groningen
(Netherland)

CERNCOURIER
V O L U M E  5 8   N U M B E R  1 0   D E C E M B E R  2 0 1 8

41

The ambitious upgrade programme for the 
Large Hadron Collider (LHC) will result in 
VLJQLÀFDQW�LQIRUPDWLRQ�DQG�FRPPXQLFDWLRQV�
WHFKQRORJ\��,&7��FKDOOHQJHV�RYHU�WKH�QH[W�
GHFDGH�DQG�EH\RQG��,W�LV�WKHUHIRUH�YLWDO�WKDW�
PHPEHUV�RI�WKH�+(3�UHVHDUFK�FRPPXQLW\�
NHHS�ORRNLQJ�IRU�LQQRYDWLYH�FRPSXWLQJ�
WHFKQRORJLHV�VR�DV�WR�FRQWLQXH�WR�PD[LPLVH�
WKH�GLVFRYHU\�SRWHQWLDO�RI�WKH�ZRUOG�OHDGLQJ�
UHVHDUFK�LQIUDVWUXFWXUHV�DW�WKHLU�GLVSRVDO�
(CERN Courier 1RYHPEHU������S���
2Q��²��1RYHPEHU��&(51�KRVWHG�D�

ÀUVW�RI�LWV�NLQG�ZRUNVKRS�RQ�TXDQWXP�
FRPSXWLQJ�LQ�KLJK�HQHUJ\�SK\VLFV��+(3���
7KH�HYHQW�ZDV�RUJDQLVHG�E\�&(51�
RSHQODE��D�SXEOLF²SULYDWH�SDUWQHUVKLS�
EHWZHHQ�&(51�DQG�OHDGLQJ�,&7�FRPSDQLHV�
HVWDEOLVKHG�WR�DFFHOHUDWH�WKH�GHYHORSPHQW�RI�
FRPSXWLQJ�WHFKQRORJLHV�QHHGHG�E\�WKH�/+&�

UHVHDUFK�FRPPXQLW\�
0RUH�WKDQ�����SHRSOH�IROORZHG�WKH�

ZRUNVKRS��ZKLFK�SURYLGHG�DQ�RYHUYLHZ�RI�
WKH�FXUUHQW�VWDWH�RI�TXDQWXP�FRPSXWLQJ�
WHFKQRORJLHV��7KH�HYHQW�DOVR�VHUYHG�DV�D�
IRUXP�WR�GLVFXVV�ZKLFK�DFWLYLWLHV�ZLWKLQ�
WKH�+(3�FRPPXQLW\�PD\�EH�DPHQDEOH�WR�
WKH�DSSOLFDWLRQ�RI�TXDQWXP�FRPSXWLQJ�
WHFKQRORJLHV�
´,Q�&(51�RSHQODE��ZH·UH�DOZD\V�ORRNLQJ�

ZLWK�NHHQ�LQWHUHVW�DW�QHZ�FRPSXWLQJ�
DUFKLWHFWXUHV�DQG�WU\LQJ�WR�XQGHUVWDQG�WKHLU�
SRWHQWLDO�IRU�GLVUXSWLQJ�DQG�LPSURYLQJ�
WKH�ZD\�ZH�GR�WKLQJV�µ�VD\V�$OEHUWR�'L�
0HJOLR��KHDG�RI�&(51�RSHQODE��́ :H�
ZDQW�WR�XQGHUVWDQG�ZKLFK�FRPSXWLQJ�
ZRUNÁRZV�IURP�+(3�FRXOG�SRWHQWLDOO\�PRVW�
EHQHÀW�IURP�QDVFHQW�TXDQWXP�FRPSXWLQJ�
WHFKQRORJLHV��WKLV�ZRUNVKRS�ZDV�WKH�VWDUW�RI�
WKH�GLVFXVVLRQ�µ
6LJQLÀFDQW�GHYHORSPHQWV�DUH�EHLQJ�PDGH�

LQ�WKH�ÀHOG�RI�TXDQWXP�FRPSXWLQJ��HYHQ�
LI�WRGD\·V�TXDQWXP�FRPSXWLQJ�KDUGZDUH�
KDV�QRW�\HW�UHDFKHG�WKH�OHYHO�DW�ZKLFK�LW�
FRXOG�EH�SXW�LQWR�SURGXFWLRQ��1HYHUWKHOHVV��
TXDQWXP�FRPSXWLQJ�WHFKQRORJLHV�DUH�
among those that hold future promise of 

VXEVWDQWLDOO\�VSHHGLQJ�XS�WDVNV�WKDW�DUH�
FRPSXWDWLRQDOO\�H[SHQVLYH�
´4XDQWXP�FRPSXWLQJ�LV�QR�SDQDFHD��

DQG�ZLOO�FHUWDLQO\�QRW�VROYH�DOO�WKH�IXWXUH�
FRPSXWLQJ�QHHGV�RI�WKH�+(3�FRPPXQLW\�µ�
VD\V�(FNKDUG�(OVHQ��&(51·V�GLUHFWRU�IRU�
UHVHDUFK�DQG�FRPSXWLQJ��́ 1HYHUWKHOHVV��
TXDQWXP�FRPSXWHUV�DUH�VWDUWLQJ�WR�EH�
DYDLODEOH��D�EUHDNWKURXJK�LQ�WKH�QXPEHU�
RI�TXELWV�FRXOG�HPHUJH�DW�DQ\�WLPH��
)XQGDPHQWDOO\�UHWKLQNLQJ�RXU�DOJRULWKPV�
PD\�DSSHDU�DV�DQ�LQWHUHVWLQJ�LQWHOOHFWXDO�
FKDOOHQJH�WRGD\��\HW�PD\�WXUQ�RXW�DV�D�PDMRU�
EHQHÀW�LQ�DGGUHVVLQJ�FRPSXWLQJ�FKDOOHQJHV�
LQ�WKH�IXWXUH�µ
7KH�ZRUNVKRS�IHDWXUHG�UHSUHVHQWDWLYHV�RI�

WKH�/+&�H[SHULPHQWV��ZKR�VSRNH�DERXW�KRZ�
FRPSXWLQJ�FKDOOHQJHV�DUH�OLNHO\�WR�HYROYH�DV�
ZH�DSSURDFK�WKH�HUD�RI�WKH�+LJK�/XPLQRVLW\�
/+&��7KHUH�ZDV�DOVR�GLVFXVVLRQ�RI�ZRUN�
DOUHDG\�XQGHUWDNHQ�WR�DVVHVV�WKH�IHDVLELOLW\�
RI�DSSO\LQJ�WRGD\·V�TXDQWXP�FRPSXWLQJ�
WHFKQRORJLHV�WR�SUREOHPV�LQ�+(3��-HDQ�5RFK�
9OLPDQW�SURYLGHG�DQ�RYHUYLHZ�RI�WKHLU�
UHFHQW�ZRUN�DW�WKH�&DOLIRUQLD�,QVWLWXWH�RI�
7HFKQRORJ\��ZLWK�FROODERUDWRUV�IURP�WKH�
8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD��WR�VROYH�

Exploring quantum 
computing for 
high-energy physics

C E R N C our i e r      De c e mb e r  2 0 18

Faces & Places
PDVV��7KH�/+&�H[SHULPHQW�FROODERUDWLRQV�
SUHVHQWHG�VHDUFKHV�IRU�SK\VLFV�EH\RQG�WKH�
Standard Model (BSM) and measurements 
RI�6WDQGDUG�0RGHO�SDUDPHWHUV��2Q�WKH� 
%60�IURQW��D�ZLGH�UDQJH�RI�ÀQDO�VWDWHV� 
ZLWK�WDX�OHSWRQV�ZHUH�H[SORUHG�LQ�WKH�SXUVXLW�
RI�OHSWRQ�ÁDYRXU�YLRODWLQJ�SURFHVVHV�DQG�
RWKHU�%60�SKHQRPHQD��EXW�QR�VLJQLÀFDQW�
GHYLDWLRQV�IURP�WKH�6WDQGDUG�0RGHO� 
KDYH�EHHQ�REVHUYHG��2Q�WKH�6WDQGDUG� 
0RGHO�PHDVXUHPHQWV�IURQW��KLJKOLJKWV�
LQFOXGHG�WKH�SRODULVDWLRQ�LQ�=�A�ƲƲ�GHFD\V�
DQG�WKH�+LJJV²WDX�FRXSOLQJ��3RVVLEOH�
EHQHÀWV�RI�PDFKLQH�OHDUQLQJ�WRROV�LQ�
SDUWLFOH�SK\VLFV�PHDVXUHPHQWV�ZHUH� 
DOVR�DGGUHVVHG�
7KH�SURJUDPPH�DOVR�LQFOXGHG�VXEMHFWV�

VXFK�DV�KDGURQ�FURVV�VHFWLRQ�PHDVXUHPHQWV�
DW�HOHFWURQ²SRVLWURQ�FROOLGHUV��OHSWRQ�
ÁDYRXU�XQLYHUVDOLW\�SX]]OHV�LQ�PHVRQ�
GHFD\V��VHDUFKHV�IRU�OHSWRQ�ÁDYRXU�YLRODWLRQ�
LQ�WDX��PXRQ�DQG�=�GHFD\V��DQG�UHYLHZ�
WDONV�RQ�IXWXUH�H[SHULPHQWV��7KH�UHFHQW�
/+&E�PHDVXUHPHQWV�LQGLFDWLQJ�OHSWRQ�
QRQ�XQLYHUVDOLW\�LQ�FHUWDLQ�%�PHVRQ�GHFD\V�
UHPDLQ�D�KRW�WRSLF��DQG�GLVFXVVLRQV�DW�WKH�
meeting suggested looking for possible 
FRQQHFWLRQV�EHWZHHQ�WKH�/+&E�UHVXOWV�DQG�
KLJK�PRPHQWD�PHDVXUHPHQWV�DQG�GLUHFW�
%60�VHDUFKHV�DW�WKH�/+&�
$�VHVVLRQ�GHGLFDWHG�WR�QHXWULQRV�VKRZHG�

WKH�SRZHU�RI�QHXWULQR�SK\VLFV�WR�VWXG\�%60�
SK\VLFV��7KH�UHFHQW�GDWD�IURP�WKH�/61'�
DQG�0LQL%RR1(�H[SHULPHQWV��ZKLFK�FRXOG�
LQGLFDWH�WKH�H[LVWHQFH�RI�VWHULOH�QHXWULQRV��
NHHS�FKDOOHQJLQJ�UHVXOWV�IURP�RWKHU�

QHXWULQR�H[SHULPHQWV��DQG�WKH�H[SODQDWLRQ�
IRU�WKLV�KDV�\HW�WR�EH�IRXQG��$�VHVVLRQ�RQ�
PXRQ�J���FRYHUHG�WKH�SUHSDUDWLRQ�RI�QHZ�
H[SHULPHQWV�DQG�LPSURYHG�SUHGLFWLRQV�
RI�J���EDVHG�RQ�ODWWLFH�FDOFXODWLRQV��7KH�
%(6,,,�FROODERUDWLRQ�SUHVHQWHG�QHZ�UHVXOWV�
RQ�WKH�OLJKW�E\�OLJKW�VFDWWHULQJ�FRQWULEXWLRQ�
WR�J���DQG�WKH�9(33������FROODERUDWLRQ�
VKRZHG�LPSURYHG�PHDVXUHPHQWV�RI�KDGURQLF�
HIIHFWV�RQ�J����$�VHVVLRQ�RQ�TXDQWXP�
FKURPRG\QDPLFV�UHYLVLWHG�WKH�H[WUDFWLRQ�
RI�WKH�VWUHQJWK�RI�WKH�SDUDPHWHU�ƠS from 
$/(3+�GDWD��ZLWK�OLYHO\�GLVFXVVLRQV�IRFXVHG�
RQ�GXDOLW\�YLRODWLRQ�
)LQDOO\��PXRQ�OHSWRQ�ÁDYRXU�YLRODWLRQ�

H[SHULPHQWV�DUH�RQ�WKH�YHUJH�RI�GHOLYHULQJ�

KLJKO\�DQWLFLSDWHG�GDWD�RQ�OHSWRQ�ÁDYRXU�
YLRODWLQJ�GHFD\V��LQ�VRPH�FDVHV��WKH\�DUH�
H[SHFWHG�WR�LPSURYH�H[LVWLQJ�PHDVXUHPHQWV�
E\�D�IDFWRU�RI��������7KH�SURJUDPPH�HQGHG�
ZLWK�SUHVHQWDWLRQV�RQ�IXWXUH�H[SHULPHQWV� 
DW�SODQQHG�DFFHOHUDWRUV�LQ�&KLQD��(XURSH�
DQG�-DSDQ��DV�ZHOO�DV�IXWXUH�QHXWULQR�DQG�
PXRQ�H[SHULPHQWV��6LPRQ�(LGHOPDQ�
SUHVHQWHG�WKH�FRQIHUHQFH·V�KLJKOLJKWV�LQ�
KLV�VWLPXODWLQJ�VXPPDU\�WDON��:LWK�PDQ\�
QHZ�UHVXOWV�H[SHFWHG��WKH�QH[W�HGLWLRQ�RI�WKH�
ZRUNVKRS��7$8������SURPLVHV�WR�EH�D�YHU\�
LQWHUHVWLQJ�PHHWLQJ�

 O Olya Igonkina, Nikhef and Radboud Universiteit 
Nijmegen, and Robert Fleischer, Nikhef and  
Vrije Universiteit Amsterdam.

The TAU2018 participants in front of the conference venue Vondelkerk, a former church.
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The 15th International Workshop on 
Tau Lepton Physics (TAU2018) was held 
at Vondelkerk, a former church in the 
centre of Amsterdam, the Netherlands, on 
24–29 September. The focus of the series is 
on the physics of the tau lepton, its neutrino 
and related processes, and the goal is to 

stimulate discussions between theorists 
and experimentalists and to review recent 
SURJUHVV�LQ�WKH�ÀHOG��7KLV�\HDU·V�HGLWLRQ�
attracted about 120 participants from all over 
the world, and the programme comprised 
90 invited and contributed talks, half of 
which were given by theorists. The workshop 
featured new results from both high-energy 
experiments (such as ATLAS, CMS and 
LHCb) and low-energy experiments (BESIII 
and others), from B factories such as Belle 
II, and recent results from muon g-2 and 
neutrino-oscillation experiments.

New measurements of tau decays with 
NDRQV�RU�SLRQV�LQ�WKH�ÀQDO�VWDWH�ZHUH�
presented by both the Belle and the BaBar 
collaborations, followed by a discussion on 
the extraction of the coupling Vus between 
the up quark and the strange quark. The 
%HOOH�,,�FROODERUDWLRQ�SUHVHQWHG�LWV�ÀUVW�
data plots, showing good progress with 
the commissioning of the Belle II detector 
DQG�EHDXWLIXO�VLJQDOV�RI�-�ƶ��.S���0 and 
Ʋ�A���Ƭ�GHFD\V��0HDQZKLOH��WKH�%(6,,,�
collaboration is on track to obtain the single 
most precise measurement of the tau 

The Budker Institute of Nuclear Physics and 
the Novosibirsk State University co-hosted 
WKH�ÀUVW�LQWHUQDWLRQDO�VFKRRO�RQ�WKH�PXRQ·V�
dipole moments and hadronic effects in 
Novosibirsk, Russia, on 17–21 September. 
About 40 researchers from 20 institutions in 
Austria, China, Germany, Italy, Japan, Russia 
DQG�6RXWK�.RUHD�GLVFXVVHG�WKH�YDULRXV�
problems related to investigations of the 
PXRQ·V�DQRPDORXV�PDJQHWLF�PRPHQW��J���

For more than 10 years, the large excess 
(more than 3.5 standard deviations) of 
WKH�PXRQ·V�DQRPDORXV�PDJQHWLF�PRPHQW�
over the Standard Model prediction 
measured by the muon g-2 experiment at the 
Brookhaven National Laboratory (BNL) 
in the US has caused great interest in the 
high-energy-physics community. With more 
WKDQ������FLWDWLRQV��WKH�ÀQDO�SXEOLFDWLRQ�
of the muon g-2 collaboration has stirred 
numerous discussions on whether the excess 
could be due to new physics. A solution to the 
problem will require combined efforts from 
both theorists, to estimate more accurately 
KDGURQLF�HIIHFWV�RQ�WKH�PXRQ·V�PRPHQW��
and experimentalists, to perform new 
high-precision measurements.

The idea of the Novosibirsk school was 
to bring together two communities of 
researchers, one involved in making new 
GLUHFW�PHDVXUHPHQWV�RI�WKH�PXRQ·V�PRPHQW�DW�
Fermilab in the US (CERN Courier September 
2018 p9) and at J-PARC in Japan, and another 
measuring electron–positron annihilation 
into hadrons (BESIII, CMD-3 and SND 
collaborations) to be used in theoretical 
calculations of the hadronic effects.
7KH�VFLHQWLÀF�SURJUDPPH�RI�WKH�VFKRRO�

FRPSULVHG�ÀYH�OHFWXUH�FRXUVHV��<DQQLV�
Semertzidis from the Institute for Basic 
6FLHQFH�LQ�'DHMHRQ��.RUHD��VXPPDULVHG�WKH�
experimental situation with a review  
of the existing storage rings, a discussion  
of the statistical and systematic 
uncertainties of such measurements, and 
ideas for new experiments.

Achim Denig from the University of 
Mainz, Germany, described experiments on 
electron–positron annihilation into hadrons, 
based on the so-called scan method, mostly 
developed in Novosibirsk, used in the 
CMD-3 and SND experiments as well as  
on the initial-state radiation method 
extensively used in the BaBar, Belle, BESIII 
DQG�./2(�H[SHULPHQWV��$�FRPSUHKHQVLYH�
review of modern detectors was given by 
Stephan Paul from the Technical University 
of Munich, Germany. 

Massimo Passera from the University 
of Padova, Italy, focused on aspects of the 
Standard Model that are directly related to 
the magnetic moments of leptons generally. 
He spoke about the QED, electroweak and 
hadronic contributions to lepton magnetic 
moments, explaining their hierarchy and 
accuracy, and covered both the traditional 
dispersive approach and novel methods 
based on lattice calculations. Josef Pradler 
from the Institute of High Energy Physics 
in Vienna, Austria, spoke about attempts to 
explain the problem by invoking dark matter.

The programme also comprised review 
talks on searches for axions, the g-2/EDM 

experiment at J-PARC, which aims to 
PHDVXUH�WKH�PXRQ·V�DQRPDORXV�PRPHQW�
and electric dipole moment (EDM) with 
ultra-high precision, and future facilities at 
the Budker Institute. The latter include the 
Super-charm-tau factory to study properties 
of charmed hadrons and tau leptons with 
unprecedented accuracy, and the Mumutron, 
a low-energy electron–positron collider to 
study dimuonium.

Finally, of the 18 additional brief 
presentations, most were devoted to the 
J-PARC g-2/EDM experiment, and three 
featured the MuSEUM experiment, 
which will provide a new high-precision 
PHDVXUHPHQW�RI�WKH�K\SHUÀQH�VWUXFWXUH�RI�
muonium. There were also talks about the 
already running muon g-2 experiment at 
Fermilab, and about analyses of hadronic 
data from the CMD-3 detector.

The success of the school led to the 
decision to make it a regular event, to be 
held every other year in one of the relevant 
research centres. The University of Mainz 
has offered to host the 2020 school. 

 O Simon Eidelman and Anna Vinokurova, Budker 
Institute and Novosibirsk State University.
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Tau physics focus 
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https : / / indico.mitp.uni -mainz.de/e/g-2_school

M U O N  D I P O L E  M O M E N T S 
A N D  H A D R O N I C  E F F E C T S

T O P I C S  A N D  S P E A K E R S

Muon Magnetic Moment Experiment Graziano Venanzoni (INFN Pisa, Italy)

Muon Magnetic Moment Theory Daisuke Nomura (KEK, Japan)

Hadronic Light-by-Light Phenomenology Bastian Kubis (Bonn, Germany)

Data Input to Hadronic Vacuum Polarization Erika de Lucia (Frascati, Italy)

Data Input to Hadronic Light-by-Light Christoph Redmer (Mainz, Germany)

Particle Detectors Wolfgang Kü hn (Gießen, Germany)

Lattice QCD Theory Marina Marinkovic (Dublin, Ireland), t.b.c.

New Physics Contributions to g-2 Svjetlana Fajfer (Ljubljana, Slovenia)

Atomic Physics Precision Experiments Klaus Blaum (MPI Heidelberg, Germany)

Exercise Session Lena Heijkenskjöld (JGU Mainz, Germany)

S C I E N T I F I C  O R G A N I Z E R S

Achim Denig (JGU Mainz,Germany)

Simon Eidelman (BINP, Russia)

Tsutomu Mibe (KEK Tsukuba, Japan)

Boris Shwartz (BINP, Russia)

S C I E N T I F I C  S E C R E TA R Y

Lena Heijkenskjöld (JGU Mainz, Germany)

S C H O O L  S E C R E TA R Y

Susanne Fischer (JGU Mainz, Germany)
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AUG. 29 TO SEPT. 03, 2021
MAINZ, ERBACHER HOF

NEW DATE

• BINP, Novosibirsk in 2018 
https://indico.inp.nsk.su/eve
nt/14/

• Mainz in 2021 (was Aug 2020)

https://indico.mitp.uni-
mainz.de/event/208/

国際スクール開催

学部生インターン 学部生インターン

学部生インターン

https://indico.inp.nsk.su/event/14/
https://indico.mitp.uni-mainz.de/event/208/


28アウトリーチ活動
日立シビックセンター（日立市）

• エキスポセンターミニ企画展「ミューオンでまだ見ぬ宇宙の謎を解け！」(2019.7)
• 小学生向け科学教室「コマ・電磁石」

• 日立シビックセンター(2020.10)、多摩六都（2020.12）、学童クラブ「オークス船場」(2021.4)
• 2021年度ひらめき☆ときめきサイエンス採択(下村) J-PARCでのビーム実習も。

学童クラブ（東海村）



まとめ

• フェルミ国⽴研究所のミュオンg-2測定の結果発表によ
り２０年前の結果が再確認された。素粒⼦標準模型の
綻びが⾒え始めている。

• J-PARCでは、ミュオンを冷却・加速・⼩さな磁⽯に蓄
積する新しい⽅法により、

① g-2のズレを検証し、２０年来の未解決問題に終⽌符を打つ。
② EDMを精密測定し、新物理法則の時間反転対称性を調べる。

• ２０２５年の実験開始を⽬指して準備を進めている。

29


