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MUonE実験によって 
BSMを探れるだろうか?
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QED Weak Hadronic

→ U(1)μ-τ ゲージボゾン     に注目
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MUonE実験のsetup

Be target :15mm tracker
Angular resolution: O(0.01) mrad expected
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Letter of Intent: https://cds.cern.ch/record/2677471/files/SPSC-I-252.pdf 
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G. Abbiendi, et.al., Eur. Phys. J. C 77, 139 (2017).  
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U(1)μ-τ ゲージ対称性

‣ ゲージアノマリーフリー

e.g. Neutrino oscillations, Leptogenesis…

‣ 電子と直接相互作用をしない

‣ ニュートリノセクターとの関連
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実験による制限の現状
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MUonE実験と新物理

我々の提案:
Probing the Lμ − Lτ Gauge Boson at the MUonE Experiment

Kento Asai, Koichi Hamaguchi, Natsumi Nagata, Shih-Yen Tseng,  
and JW Phys. Rev.D 106 5, L051702 (2022)
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‣          　　過程   
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もし、新物理が存在すれば 
ゲージボゾン　　を生成する過程 
を捉えられるかもしれない
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    探索の戦略

‣ Energy of the electron 
‣Muon scattering angle 

‣ Photon veto 

以下の選択基準を設定
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運動学的に排除 + Photon veto
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µe ! µeZ⇤ ! µe⌫⌫̄

その他のバックグラウンド
‣ EW 過程: e.g.                   

十分無視できる

‣                   多重散乱　

‣                   原子核散乱

これらの影響は 
実験のセットアップに依存 
(まだ固定されていない)

トラッカーにおける粒子多重度

トラッカーにおけるKink/branch
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MC simulation FeynRules & MadGraph5 _aMC@NLO 


N. D. Christensen and C. Duhr,  
Comput. Phys. Com- mun. 180, 1614 (2009) 
A. Alloul, et.al., Comput. Phys. Commun. 185, 2250 (2014)

J. Alwall, et.al., JHEP 07, 079 (2014) 



結果
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まとめ
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‣ MUonE実験とは、ミューオンg-2に寄与するHVPの効果を 
μ-e  散乱を用いることで決定する実験である。            

‣ 我々は、U(1)μ-τゲージボゾン Z’ をMUonE実験において
運動学的なカットを　  ,　　にかけることで探索できるこ
とを示した。              
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‣ 今回の結果は、MUonE実験が新物理にも感度を持つことを
表し、故に、MUonE実験は 
二重の目的を果たすことができる。        
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49. Plots of cross sections and related quantities 5

σ and R in e+e− Collisions
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Figure 49.5: World data on the total cross section of e+e− → hadrons and the ratio R(s) = σ(e+e− → hadrons, s)/σ(e+e− → µ+µ−, s).
σ(e+e− → hadrons, s) is the experimental cross section corrected for initial state radiation and electron-positron vertex loops, σ(e+e− →
µ+µ−, s) = 4πα2(s)/3s. Data errors are total below 2 GeV and statistical above 2 GeV. The curves are an educative guide: the broken one
(green) is a naive quark-parton model prediction, and the solid one (red) is 3-loop pQCD prediction (see “Quantum Chromodynamics” section of
this Review, Eq. (9.7) or, for more details, K. G. Chetyrkin et al., Nucl. Phys. B586, 56 (2000) (Erratum ibid. B634, 413 (2002)). Breit-Wigner
parameterizations of J/ψ, ψ(2S), and Υ(nS), n = 1, 2, 3, 4 are also shown. The full list of references to the original data and the details of
the R ratio extraction from them can be found in [arXiv:hep-ph/0312114]. Corresponding computer-readable data files are available at
http://pdg.lbl.gov/current/xsect/. (Courtesy of the COMPAS (Protvino) and HEPDATA (Durham) Groups, May 2010.)
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Largest error
(mainly coming from LO)

Using dispersion relation   
& experimental data

Smallest error
Up to 5 loops !
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Lattice result
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Figure 49.5: World data on the total cross section of e+e− → hadrons and the ratio R(s) = σ(e+e− → hadrons, s)/σ(e+e− → µ+µ−, s).
σ(e+e− → hadrons, s) is the experimental cross section corrected for initial state radiation and electron-positron vertex loops, σ(e+e− →
µ+µ−, s) = 4πα2(s)/3s. Data errors are total below 2 GeV and statistical above 2 GeV. The curves are an educative guide: the broken one
(green) is a naive quark-parton model prediction, and the solid one (red) is 3-loop pQCD prediction (see “Quantum Chromodynamics” section of
this Review, Eq. (9.7) or, for more details, K. G. Chetyrkin et al., Nucl. Phys. B586, 56 (2000) (Erratum ibid. B634, 413 (2002)). Breit-Wigner
parameterizations of J/ψ, ψ(2S), and Υ(nS), n = 1, 2, 3, 4 are also shown. The full list of references to the original data and the details of
the R ratio extraction from them can be found in [arXiv:hep-ph/0312114]. Corresponding computer-readable data files are available at
http://pdg.lbl.gov/current/xsect/. (Courtesy of the COMPAS (Protvino) and HEPDATA (Durham) Groups, May 2010.)
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How to calculate HVP?
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Figure 49.5: World data on the total cross section of e+e− → hadrons and the ratio R(s) = σ(e+e− → hadrons, s)/σ(e+e− → µ+µ−, s).
σ(e+e− → hadrons, s) is the experimental cross section corrected for initial state radiation and electron-positron vertex loops, σ(e+e− →
µ+µ−, s) = 4πα2(s)/3s. Data errors are total below 2 GeV and statistical above 2 GeV. The curves are an educative guide: the broken one
(green) is a naive quark-parton model prediction, and the solid one (red) is 3-loop pQCD prediction (see “Quantum Chromodynamics” section of
this Review, Eq. (9.7) or, for more details, K. G. Chetyrkin et al., Nucl. Phys. B586, 56 (2000) (Erratum ibid. B634, 413 (2002)). Breit-Wigner
parameterizations of J/ψ, ψ(2S), and Υ(nS), n = 1, 2, 3, 4 are also shown. The full list of references to the original data and the details of
the R ratio extraction from them can be found in [arXiv:hep-ph/0312114]. Corresponding computer-readable data files are available at
http://pdg.lbl.gov/current/xsect/. (Courtesy of the COMPAS (Protvino) and HEPDATA (Durham) Groups, May 2010.)

In White Paper,  
the authors use this method.
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We can rewrite VP in terms of  
the effective coupling constant.
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σ and R in e+e− Collisions
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Figure 49.5: World data on the total cross section of e+e− → hadrons and the ratio R(s) = σ(e+e− → hadrons, s)/σ(e+e− → µ+µ−, s).
σ(e+e− → hadrons, s) is the experimental cross section corrected for initial state radiation and electron-positron vertex loops, σ(e+e− →
µ+µ−, s) = 4πα2(s)/3s. Data errors are total below 2 GeV and statistical above 2 GeV. The curves are an educative guide: the broken one
(green) is a naive quark-parton model prediction, and the solid one (red) is 3-loop pQCD prediction (see “Quantum Chromodynamics” section of
this Review, Eq. (9.7) or, for more details, K. G. Chetyrkin et al., Nucl. Phys. B586, 56 (2000) (Erratum ibid. B634, 413 (2002)). Breit-Wigner
parameterizations of J/ψ, ψ(2S), and Υ(nS), n = 1, 2, 3, 4 are also shown. The full list of references to the original data and the details of
the R ratio extraction from them can be found in [arXiv:hep-ph/0312114]. Corresponding computer-readable data files are available at
http://pdg.lbl.gov/current/xsect/. (Courtesy of the COMPAS (Protvino) and HEPDATA (Durham) Groups, May 2010.)

Largest systematic error  
comes from 2π channel.
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MUonE schedule 

Letter of Intent: https://cds.cern.ch/record/2677471/files/SPSC-I-252.pdf 

‣ Letter of Intent submitted in 2019.  
‣ Test run of 3 weeks is planned at the end of the 
running period of 2021.  
‣ In 2021, parasitic run with one tracking station

C. Mussolini, et.al., JACoW IPAC2022 (2022) WEPOST024
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Fate of g-2 region

G. Krnjaic, et.al., PRL. 124, 041802 (2020)
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NA62 schedule 
‣ Run1: 2016-2018 
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Fate of g-2 region
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