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• 電子-核子弾性散乱 
• 形状因子、電荷分布 

• 深非弾性散乱 
• 実験手法 
• 高エネルギー電子・ミューオンの利用 
• 衝突型加速器 (HERA) 

• 核子構造、パートン分布関数 
• DGLAP QCD evolution 
• EMC効果 
• スピン構造：”Spin Crisis” 
• 新物理探索

永い歴史と大きな発見
(荷電)レプトン-核子散乱
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ニュートリノ-核子散乱もアリ
Weak neutral current

(NuTeV anomaly)
Weinberg angle



Lepton-Nucleon Scattering 
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• x-Q2 range 
• Fixed targetとHERAの差 
• Hadron colliderとの差

Lepton-Nucleon Scattering 
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• 核子構造 
• DGLAP evolution 
• Parton distribution function

Lepton-Nucleon Scattering 
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• 核子構造 
• Parton distribution function 
• Flavor dependence 
• Spin dependence

Lepton-Nucleon Scattering 
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Intensive discussions on SUSY, leptoquark etc



• HERA計画の終盤：2000年代後半 
• 将来計画の策定 
• ビーム輝度 
• スピン偏極陽子ビーム 

• 惜しまれつつも terminate 
• 近年の動向 
• EIC計画：Bookhaven 
• (LHeC：CERN) 
• 約20年来の復活

永い発展の歴史と大きな発見
(荷電)レプトン-核子散乱 (続き)
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• Europe 
• 2020 update of European strategy for particle physics 
• Synergies between EIC and the European particle 
physics 

• US 
• Snowmass2021/2022 
• Topics of particle physics at EIC 

• Japan 
• Building EIC-J community 
• Including nuclear physics and particle physics

Recent discussions
In the World-Wide Community
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Electron-Ion Collider at BNL
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Electron-Ion Collider at BNL
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Electron-Ion Collider at BNL
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• EIC as “Intensity/Precision Frontier” 
• CM energy, luminosity 
• Polarization in both electron and proton (+ light ions)

For QCD and SM/BSM
Electron-Ion Collider at BNL
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• Electroweak 
• Weak neural current couplings 
• Parity-violating asymmetry in e-d collisions 
• Weinberg angle measurement : sin2θW 

• Charged lepton flavor violation 
• e-τtransition 

• BSM 
• More ideas???

SM and BSM Physics at EIC
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• At tree-level 

• BSM affects to those couplings 
• Deviation of sin2θW from the SM

Contact (4-fermion) interactions
Electron-Quark Scattering
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From Atomic PV to LEP
Weinberg Angle Measurements
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EIC

Future experiments



• Muon rare decays (tau similar) 

• Conversion/Transition 

• Energy-frontier colliders

Long history and several methods
Charged Lepton Flavor Violation
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A. de Gouvea, P. Vogel, 
Prog. Part. Nucl. Phys. 71, 75 (2013)

Photonic Non-photonic
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⇤ : Effective energy scale

19

µ e

q q

µ e

�q q

µ e

�
W W

⌫µ ⌫e
Eg : SUSY, slepton mixingSM + νmixing

Br (µ ! e�) < 10�54

GIM-suppressed BSM !

SM-background free

µ e

�

�̃0

µ̃ ẽ
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EXCLUDED (90% CL)

B(µ A ea)=10-14

B(µ A e conv in 27Al)=10-16

B(µ A e conv in 27Al)=10-18

BSM Sensitivities
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MEG (2013) 
5.7x10-13

SINDRUM II (2006) 
7x10-13

COMET Phase-I 
7x10-15

MEG II 
5x10-14

T. P. Gorringe, D. W. Hertzog, 
Prog. Part. Nucl. Phys. 84, 73 (2015)

Photonic Non-photonic

Phys. Rev. Lett. 110, 
201801 (2013)

Eur. Phys. J. C47, 337 (2006)

µ+ ! e+� µ�N ! e�N

COMET Phase-II 
Mu2e 
6x10-17

DeeMe 
1x10-14 - 5x10-15



2020 European Strategy Update
Muon CLFV
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• e+p → tau + X 
• Mediated by Lepto-quark 
• Studies in Snowmass2021 

• Beyond HERA

CLFV at EIC : e-tau Transition
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• Utilizing proton & light 
ions polarization 
• Polarized 3He as 
pseudo-neutron 

• Easy to construct 
parity-violating 
asymmetry 
• Similar to PV 
asymmetry in 
Weinberg angle 
measurement  

• Campaign again!

Something more
Beyond the Standard Model
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Something more
Beyond the Standard Model
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• Polarized protons 

• Parity violating asymmetry 
• PV in SM 
• Additional PV from BSM 
• Interference btw SM & BSM 

Similar idea
Beyond the Standard Model
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• Higgs sector CPV with polarized protons
Similar idea
Beyond the Standard Model
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• There are already some interesting topics in SM and 
BSM physics at EIC 

• EIC as Intensity/Precision Frontier  
• Utilizing polarization 
• (Polarized) Nuclear beams 

• More ideas might arise from both theory/experiment 
sides.

Summary
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