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Can we search  
the BSM physics in MUonE?

photo from Fermilab Muon g-2 web page 
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→ Focus on U(1)μ-τ gauge boson
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MUonE setup

Be target :15mm tracker
Angular resolution: O(0.01) mrad expected

<latexit sha1_base64="af+AFey8VaBuWuh6W+tXgDJkYQQ="></latexit>

L = 15[fb�1]
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 =  0.1 GeV
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ex =  0.9, E

 = 130.7 GeVex = 0.928, E

x = 0.932
 = 139.5 GeVe E

MUonE kinematics
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G. Abbiendi, et.al., Eur. Phys. J. C 77, 139 (2017).  
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D.W.P. Amaral, et.al., Eur. Phys. J. C 81, 861 (2021).

Muon g−2 Collaboration, PRL. 126, 141801 (2021). 



U(1)μ-τ gauge symmetry 

‣ Gauge anomaly free

e.g. Neutrino oscillations, Leptogenesis…

‣ No electron direct interaction

‣ Related to the neutrino sector
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Z 0+QUANTUM DIARIES 
https://www.quantumdiaries.org/2014/03/14/the-
standard-model-a-beautiful-but-flawed-theory/

Asai, Hamaguchi, Nagata, Tseng 2005.01039 
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R. Foot, Mod. Phys. Lett. A6 527‒530 (1991). 

X. G. He, et.al., Phys. Rev. D 43, 22 (1991).  

X. G. He, et.al., Phys. Rev. D 44 2118‒2132 (1991).

R. Foot, Mod, et.al., Phys. Rev. D 50 4571‒4580 (1994).

Asai, Hamaguchi, Nagata, 1705.00419
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D.W.P. Amaral, et.al., Eur. Phys. J. C 81, 861 (2021).
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‣                   
<latexit sha1_base64="Cio8wMNUXmBHJVWaBjCt8bv5XsA="></latexit>

µe ! µeZ 0

HVP

HVP

�

e

µ

Z 0

4

New Physics at MUonE

New physics can affect  
the elastic scattering. 

HVP

HVP

�

e

µ

4

<latexit sha1_base64="qhzGXNHmtOs2Bh53Enc2bqX8NPg="></latexit>

µe ! µe‣                   scattering
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Z 0
If NP exist, We may be able to search  
the direct production of  
at MUonE.



There are some previous researches.
e.g. Heavy NP A. Masiero, et.al., Phys. Rev. D 102, 075013 (2020) 

A. Masiero, et.al., Phys. Rev. D 102, 075013 (2020) e.g. dark photon
e.g. U(1)μ-τ P. B. Dev, JHEP 05, 053 (2020) 
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µe ! µe‣                   scattering
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The possible NP effects in                   scattering  

are expected to lie below MUonE’s sensitivity. 
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µe ! µe

(with existing experimental bounds taken into account)



‣                   

New Physics at MUonE
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Our proposal:

If NP exist, We may able to search  
the direct production of  
at MUonE.
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Z 0

In this context,  
there was no previous research.

Probing the Lμ − Lτ Gauge Boson at the MUonE Experiment
Kento Asai, Koichi Hamaguchi, Natsumi Nagata, Shih-Yen Tseng,  

and JW arXiv[2109.10093]
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Strategy

‣ Energy of the electron :
‣Muon scattering angle :
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Monte Carlo  
simulations

Removed by kinematics + Photon veto
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Other Backgrounds
‣ EW process: e.g.                   

Negligibly small 

‣                   multiple scattering　

‣                   nuclear scattering 

These effects strongly depend  
on the experimental setup  
(not fully fixed yet). 

Track multiplicity 

Kink/branch of the track
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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) 



Results
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Summary
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‣ The MUonE collaboration intends to assess the HVP 
contribution to the muon g-2 via  
elastic μ-e scattering.                 

‣ We showed that the Lμ-Lτ gauge boson Z’ can be 
searched for at the MUonE experiment by imposing 
kinematical cuts on       and                 
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‣ Our result shows that the MUonE experiment is also 
sensitive to the new physics  
and therefore  
it can serve a double purpose.          
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MUonE & Muon g-2
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photo from Fermilab Muon g-2 web page Muon g−2 Collaboration, PRL. 126, 141801 (2021). 



Muon g-2
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Muon g-2
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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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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
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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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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
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In this red region,  
we can use 
‣Perturbative QCD 
‣Lattice QCD 
‣Time-like data

In this blue region,  
we assume the fitting 
function.

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



MUonE strategy
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Divide “t” into bins labeled by “i”  
and determine          bin by bin
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MUonE sensitivity
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Expected statistical accuracy of           :  0.3 %  

MUonE uncertainties

Letter of Intent: https://cds.cern.ch/record/2677471/files/SPSC-I-252.pdf 
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Systematic error should be controlled  
at the level of 

<latexit sha1_base64="xvo6T5b/vVLvbI8qIiQ8Z5luhh0="></latexit>

O(10�5)



MUonE(M2) beam status

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

‣ The typical maximal intensity for a beam energy 
of 160 GeV is  5 x 107μ+/s for a SPS spill with 
1013 protons on target. 

‣momentum resolution : ~ 0.9 % for a 160 GeV/c 
incoming beam from simulation (using bending 
magnets)



‣ Letter of Intent submitted in 2019.  

‣ Test run of 3 weeks is planned at the end of the 
running period of 2021.  

‣ Start data taking in 2022 with half the apparatus. 

‣ Data taking with the complete apparatus  

in 2023 and 2024.  → 2026-2028?

MUonE schedule 

G. Abbiendi, et.al., arXiv 2201.13177
Letter of Intent: https://cds.cern.ch/record/2677471/files/SPSC-I-252.pdf 
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neutrino-trident process

W. Altmannshofer, et.al., PRL. 113, 091801 (2014)

CHARM-II 

CCFR 

D. Geiregat et al. (CHARM-II),  
Phys. Lett. B 245, 271 (1990). 

S. R. Mishra et al. (CCFR),  
Phys. Rev. Lett. 66, 3117 (1991). 

White dwarf cooling
M. Bauer, et.al., JHEP 07, 094  (2018)
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Fate of g-2 region
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Fate of g-2 region

G. Krnjaic, et.al., PRL. 124, 041802 (2020)
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The author assumed  
the full NA62 luminosity  
NK+ ≈ 1013 

NA62 schedule 
‣ Run1: 2016-2018 
‣ Run2: 2021-2024
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Fate of g-2 region
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NA64μ schedule 
‣ Test run: 2021 
‣ Run1: 2022, 1011 MOT 
Final goal: 1013 MOT
NA64 Status Report 2021 
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U(1)μ-τ gauge symmetry 
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EW background
‣ EW process

e- mu- > e- mu- ve ve~ WEIGHTED=8 / h w+ page 1/2

Diagrams made by MadGraph5_aMC@NLO
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e.g. e- mu- > e- mu- ve ve~ / h w+ 

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) 
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Diagrams made by MadGraph5_aMC@NLO
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EW background
‣ EW process e.g. e- mu- > e- mu- ve ve~ /h z

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) 
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e- mu- > e- mu- ve ve~ WEIGHTED=8 / h z page 1/1

Diagrams made by MadGraph5_aMC@NLO

e-
1

ve
5

w-

mu-2 mu- 4

a

ve~
6

e-

e- 3

 diagram 1 QCD=0, QED=4

e-

1

ve
5

w-

mu-
2

mu- 4

a

e-

3

ve~ 6

w-

 diagram 2 QCD=0, QED=4

e-

1

ve
5

w-

e-

3

ve~ 6

w-

mu-
4

vm~

mu-
2

 diagram 3 QCD=0, QED=4
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