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素粒子物理と標準模型
素粒子: 物質を構成する最小単位

標準模型: 素粒子の振舞いを記述する理論体系

クォーク&レプトン: 物質を構成

ゲージ粒子: 力を媒介

ヒッグス粒子: 質量起源

• 2012年にATLAS&CMS実験で発見
（ノーベル賞へ）

多くの実験結果を精度良く説明

問題点: ダークマターやニュートリノ質量（振動）を説明できないなど...
⇒ 標準模型を超えた物理があるはず

標準模型の精密検証と、新しい物理（素粒子）の探索

LHC, Belle, T2K, KamLand-Zen, DeeMe, ANKOK, NEWAGE... 
など世界各地で様々な実験を行っている
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Based on the full BABAR data sample, we report improved measurements of the ratios R(D) =
B(B → Dτ−ντ )/B(B → Dℓ−νℓ) and R(D∗) = B(B → D∗τ−ντ )/B(B → D∗ℓ−νℓ), where ℓ refers to
either an electron or muon. These ratios are sensitive to new physics contributions in the form of a
charged Higgs boson. We measure R(D) = 0.440±0.058±0.042 and R(D∗) = 0.332±0.024±0.018,
which exceed the Standard Model expectations by 2.0σ and 2.7σ, respectively. Taken together, the
results disagree with these expectations at the 3.4σ level. This excess cannot be explained by a
charged Higgs boson in the type II two-Higgs-doublet model. Kinematic distributions presented
here exclude large portions of the more general type III two-Higgs-doublet model, but there are
solutions within this model compatible with the results.

PACS numbers: 13.20.He, 14.40.Nd, 14.80.Da

I. INTRODUCTION

In the Standard Model (SM), semileptonic decays of
B mesons proceed via first-order electroweak interactions
and are mediated by the W boson [1–3]. Decays involv-
ing electrons and muons are expected to be insensitive to
non-SM contributions and therefore have been the bases
of the determination of the Cabibbo-Kobayashi-Maskawa
(CKM) matrix elements |Vcb| and |Vub| [4]. Decays in-
volving the higher-mass τ lepton provide additional in-
formation on SM processes and are sensitive to addi-
tional amplitudes, such as those involving an interme-
diate charged Higgs boson [5–9]. Thus, they offer an ex-
cellent opportunity to search for this and other non-SM
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contributions.
Over the past two decades, the development of heavy-

quark effective theory (HQET) and precise measurements
of B → D(∗)ℓ−νℓ decays [10] at the B factories [11, 12]
have greatly improved our understanding of exclusive
semileptonic decays. The relative rates

R(D) =
B(B → Dτ−ντ )

B(B → Dℓ−νℓ)
, R(D∗) =

B(B → D∗τ−ντ )

B(B → D∗ℓ−νℓ)
(1)

are independent of the CKM element |Vcb| and also, to
a large extent, of the parameterization of the hadronic
matrix elements. SM expectations [9] for the ratios
R(D) and R(D∗) have uncertainties of less than 6% and
2%, respectively. Calculations [5–9] based on two-Higgs-
doublet models predict a substantial impact on the ratio
R(D), and a smaller effect on R(D∗) due to the spin of
the D∗ meson.
The decay B → D∗τ−ντ was first observed in 2007

by the Belle Collaboration [13]. Since then, both BABAR

and Belle have published improved measurements, and
have found evidence for B → Dτ−ντ decays [14–16]. Up
to now, the measured values for R(D) and R(D∗) have
consistently exceeded the SM expectations, though the
significance of the excess is low due to the large statistical
uncertainties.

2.	J-PARC	E36	)�

where l refers to either an e or µ. 
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暗黒光子探索の動機

• 陽子半径の測定値不一致が報告されている。
• ラムシフト(S1/2とP1/2軌道のエネルギー差)

• 水素原子 (e−, P): 0.8758 ±0.077 (fm)
• ミュオン水素(μ−, P):  0.84087±0.00039 (fm)

• 散乱実験
• (e, P)散乱: 0.8770±0.060 (fm)
• (μ, P)散乱：現在、実験準備中

• C.E.Carlson et. al., Phys. Rev. D.89(2014)35003
標準模型を超えた物理現象の存在(暗黒光子, DP)。
軽い質量のゲージボゾン(A’)が存在し、eとμとの相互
作用に差があれば、半径の違いが説明出来る。

現状の結果：
陽子半径が測定方法により4%ずれる

2018/9/15 JPS meeting   K.Horie 2

μ	

p

e	

p

laser

�������	�



�������	�



4/,5.46-6�$��

• 4/,5.46-6
���"�$��#!�7
• �������#

4/,5

!" = 0
!% = −1
!( = 0

4/,5

!" = −1 + 1 = 0
!% = −1
!( = 0��

Ne=+1 Nμ=+1 Nτ=+1

e- μ- τ-

ν_e ν_μ ν_τ

*+ → -+.*+ → -+/"/%
4/,5

!" = 0
!% = −1
!( = 0

4/,5

!" = −1
!% = 0
!( = 0���

8 JPS 2012 Autumn, 13/Sep/2012 

z 世界最大強度 直流ミューオンビーム @ PSI 
z 特殊勾配磁場による高計数対応 e+ スペクトロメータ 
z 世界最大液体キセノン検出器による高精度ガンマ線測定 

The MEG Experiment 

Crimean Conf, 4/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo 8 

~60 collaborators 

μ＋ beam 

e＋ 
γ 

pE5 beamline @PSI 

COBRA SC magnet 

Drift chambers 

Timing counters 
LXe γ-ray detector 

8 JPS 2012 Autumn, 13/Sep/2012 

z 世界最大強度 直流ミューオンビーム @ PSI 
z 特殊勾配磁場による高計数対応 e+ スペクトロメータ 
z 世界最大液体キセノン検出器による高精度ガンマ線測定 

The MEG Experiment 

Crimean Conf, 4/Sep/2011 Yusuke UCHIYAMA, the University of Tokyo 8 

~60 collaborators 

μ＋ beam 

e＋ 
γ 

pE5 beamline @PSI 

COBRA SC magnet 

Drift chambers 

Timing counters 
LXe γ-ray detector 

*+ → -+.�	��
• MEG��@ 063(&26���
• BG"* → -//. %'(+5)3.
• 90% C.L. upper limit: 4.2�10−13 in 2016
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