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Muon g-2: latest result
Recently, a new result for the measurement of the muon

anomalous magnetic moment was reported:

MUON G-2, Phys. Rev. Lett. 126, 141801 (2021).

<latexit sha1_base64="iBAcDzK2y4rBve8dHPjlDPg0WLI="></latexit>

aµ(Exp) = 116 592 061(41)⇥ 10�11

Previous result

New result

<latexit sha1_base64="LuEzluuvMBspVxIV/G/dw9XCu2A="></latexit>

aµ(SM) = 116 591 810(43)⇥ 10�11

White Paper: T. Aoyama, et.al., Phys. Rept. 887, 1 (2020).

<latexit sha1_base64="W2Ix+I33DGJwtdpZqglq63cx1ZQ="></latexit>

�aµ = 251(59)⇥ 10�11

4.2σ discrepancy



Hadronic Vacuum Polarization
Two different strategies to evaluate the HVP: 

Data-driven dispersive method

Lattice simulation

Adopted in WP

The latest lattice results differ from the WP value.

<latexit sha1_base64="WdDxZ7ww954Qi0t+j500G5Pagb0="></latexit>

aµ(HVP; WP) = 6845(40)⇥ 10
�11
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aµ(HVP; BMW) = 7075(55)⇥ 10
�11

Cf.)

S. Borsanyi, et.al., Nature 593, 51 (2021).
e.g.)

An alternative way to determine this contribution using 

the elastic scattering .μe → μe G. Abbiendi, et.al., Eur. Phys. J. C 77, 139 (2017).

MUonE experiment

See also C. Carloni Calame, et. al., Phys. Lett. B 746, 325 (2015).µ
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Our proposal

K. Asai, K. Hamaguchi, N. Nagata, S. Tseng, J. Wada, arXiv:2109.10093.

The MUonE experiment can also search for new physics.

Lμ − Lτ gauge boson
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Lμ − Lτ gauge model

Motivated by the muon g−2 
discrepancy.

Z’ decays only into neutrinos.
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Fig. 6: (Not on scale) A sketch of one station, which is repeated 40 times in the final apparatus. Lower figure
represents the last station, which is followed by a calorimeter and the muon filter.

MUonE setup
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4 The experimental apparatus

The goal of the experiment is to precisely measure the shape of the differential cross section of the µ �e
elastic scattering. Muons with ⇠150 GeV/c momentum, from the CERN M2 muon beamline, impinge
on the atomic electrons of Beryllium targets. The measurement of the angles of the particles involved
in the scattering is performed by tracking devices. Therefore, the multiple Coulomb scattering has to be
minimized in order not to spoil the track measurements. The total target thickness of 60 cm, required to
collect the necessary statistics in a reasonable running time, is divided into 40 slices, each instrumented
with its tracking system. The apparatus is therefore a sequence of 40 identical stations, composed each
of a 15 mm thick Be target and tracking sensors, with a lever arm of about 1 m.

The apparatus is equipped with an electromagnetic calorimeter (ECAL), placed downstream all stations,
which provides particle identification and a measurement of the electron energy.

Should the contamination of pions in the muon beam be not low enough, a muon filter, instrumented
with muon chambers, will be added to the apparatus, downstream ECAL.

A schematic view of the experimental apparatus is shown in Fig. 3.

ECAL

M2 µ beam
150 GeV/c

station #1 #2 #3 #k

e

µ
#N

muon filter
µ chamber

Fig. 3: Schematic view of the MUonE experimental apparatus (not to scale).

4.1 The Tracking system

4.1.1 Overview and general concept

The tracking system represents the heart of the MUonE detector concept, which is based on the precise
measurement of the scattering angles of the outgoing electron and muon, with respect to the direction
of the incoming muon beam. The detector must be fully efficient over the q2 range of interest, which in
practice corresponds to an electron energy greater than 1 GeV. With a muon beam momentum around
150 GeV, this requirement corresponds to a maximum scattering angle of about 30 mrad, implying that
a limited angular coverage is sufficient. An active area of 10⇥10 cm2 for the tracking modules contains
all the kinematics of the event. Another feature characterizing MUonE is the re-use of the muon beam in
a modular system based on individual stations, which allows the statistics of µe events to be increased,
limiting at the same time the longitudinal length of the target, with the advantage of greatly reducing
multiple scattering, at the same total event rate. Tracking between two targets (and beyond) is used both
to measure the scattered electron and muon and to provide the direction of the beam for next target. See
Fig. 6. In practice this modularity requirement implies a length of approximately one meter for each
station, together with a target thickness of 15 mm of Be, in order to keep a reasonable total length of the
apparatus.

Another important requirement is related to the detector angular resolution. Muons can be distinguished
from electrons using solely the angular information, with the exception of a limited ambiguity region,
which is determined by the the angular resolution itself. As an example, in Fig. 4 the distribution of
the two measured scattering angles, qle f t and qright , is shown for events simulated with different angular
resolutions. Here qle f t and qright are the scattering angles selected randomly, without particle identifi-
cation. The increased range of the ambiguity region going from the ideal case (only multiple scattering
from the target) to increasing detector resolution is clearly seen. An additional motivation for high an-
gular resolution is an accurate definition of elastic events, i.e. an accurate definition of the signal region.
Inelastic events with a photon in the final state (µe ! µeg) do not follow the elastic curves shown in

150 GeV muon beam @ CERN

Target: electrons in Be

Consists of 40 identical stations:

• 15 mm thick Be target

• Tracking sensors (Si strips)

Electromagnetic calorimeter (ECAL)

Energy resolution: ≲ 10 %

Muon chamber

Angular resolution: O(0.01) mrad.

Letter of Intent: The MUonE Project



The primary target of MUonE is the elastic scattering process:

Electron scattering angle (mrad)
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G. Abbiendi, et.al., Eur. Phys. J. C 77, 139 (2017).

Energies and scattering angles of the final state electron and 

muon are determined as one parameter functions.

MUonE kinematics

μe → μe
At rest150 GeV

Larger θe

Smaller Ee

s ≃ 406 MeV



Electron scattering angle (mrad)
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MUonE kinematics
A threshold on  selects large  events for .θμ Ee eμ → eμ, eμγ

G. Abbiendi, et.al., Eur. Phys. J. C 77, 139 (2017).

For ,  eμ → eμ θμ > 1.5 mrad Ee ≳ 38 GeV

For ,  eμ → eμγ θμ > 1.5 mrad Ee + Eγ ≳ 38 GeV

θμ > 1.5 mrad



Search strategy
Selection criteria

θμ > 1.5 mrad

1 GeV < Ee < 25 GeV

Photon veto 0 1 2 3 4
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Both  and  can safely be removed.μe → μe μe → μeγ
Other background sources

Multiple scattering associated with μe → μe
Kink/branch of tracks

Muon-nuclear scattering
Track multiplicity

EW processes:  μe → μeνν̄

Strongly depend on

the experimental setup

Negligibly small number of events (  )∼ 10−4



0 5 10 15 20 25 30 35 40

Ee [GeV]

100

101

102

103

N
um

be
ro

fE
ve

nt
s

mZ0 = 100 MeV

mZ0 = 10 MeV

Distribution of Ee of signal events

K. Asai, K. Hamaguchi, N. Nagata, S. Tseng, J. Wada, arXiv:2109.10093.

15 fb−1Integrated luminosity: 

mZ′￼ = 100 MeV, gZ′￼ = 10−3

mZ′￼ = 10 MeV, gZ′￼ = 5 × 10−4 Nsig ≃ 600

Nsig ≃ 1200
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Number of signal events
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K. Asai, K. Hamaguchi, N. Nagata, S. Tseng, J. Wada, arXiv:2109.10093.

15 fb−1

We expect  signal events in the muon g−2 favored region.∼ 103

Integrated luminosity: 



Summary
The MUonE experiment will provide a new way to 
measure the hadron contribution to the muon g−2.

We proposed that this MUonE experiment could be 
used to probe the Lμ − Lτ gauge boson.

The muon g−2 favored parameter region can fully be 
explored without introducing additional devices.   
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Muon g-2

Z 0
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CHARM-II

Neutrino trident production
W. Altmannshofer, S. Gori, M. Pospelov, and I. Yavin, Phys. Rev. Lett. 113, 091801 (2014).

CCFR (1991)

CHARM-II (1990)

10 (30)% accuracy measurement with 
5 GeV neutrino scattering on argon.

Z’ mass larger than 400 MeV has been excluded.



BABAR constraint
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BABAR, Phys. Rev. D94, 011102 (2016).



Kinetic mixing
In general, there is a kinetic mixing between U(1)Y and U(1)’:

B. Holdom, Phys. Lett. B166, 196 (1986).

We may forbid this using a discrete symmetry:

R. Foot, X. G. He, H. Lew, and R. R. Volkas, Phys. Rev. D50, 4571 (1994).

This symmetry is broken by the μ and τ masses, and thus 

the kinetic mixing is induced at loop level.

(in the limit of low momenta)
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CHARM II and Borexino are

sensitive to νμ-e scattering.

S. Bilmis, I. Turan, T. M. Aliev, M. Daniz, L. Singh, and H. T. Wong, Phys. Rev. D92, 033009 (2015).



Indirect search for Lμ − Lτ

P. B. Dev, W. Rodejohann, X. Xu, Y. Zhang, JHEP 05, 053 (2020) [arXiv:2002.04822].
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Kinematics

μ

Ei
μ = 150 GeV Ei

e = me

Ef
e

θe
θμ

Mandelstam variables
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Ef
e = 1� 139.8 GeV

Low-energy cut is not fixed yet.
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Statistics
Muon beam rate: ∼ 1.3 × 107 μ/s

 Be targets40 × 15 mm = 60 cm

2-3 years of data taking: ∼ 2 × 107 s/yr

<latexit sha1_base64="KWeVLKNS3tptMNm/1hfHdceVYrc="></latexit>

L ⇠ 1.5⇥ 107 nb�1

60 The MUonE Collaboration
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Fig. 40: Results of the template fit of the muon angular distribution, obtained in 3,000 toy experiments, each
one with statistics corresponding to the nominal MUonE integrated luminosity of 1.5⇥ 107 nb�1. (Top row) The
fitted parameters describing Dahad(t). With respect to Eq. 14 the fit parameter K = k/M replaces k to reduce the
correlation with M; (Bottom left) the fit c2 for 28 degrees of freedom; (Bottom right) the resulting aHLO

µ .

Simulated result

•3000 toy experiments

• Integrated luminosity: 1.5 × 107 nb−1
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a(HVP, LO)
µ = (689.8± 2.3)⇥ 10�10

True: 688.6 × 10−10
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Statistical error only!



Systematic uncertainties
Systematic error should be controlled at the level of !𝒪(10−5)

For instance, the following ingredients must be well controlled:

Alignment of tracker elements

Beam energy

Multiple scattering

Uniform efficiency over t

Should be understood at the level of O(1)%.

Experiment

Theory
A Monte Carlo code at the NNLO level should be available.
For the current status, see

P. Banerjee, et.al., “Theory for muon-electron scattering @ 10ppm: 

A report of the MUonE theory initiative,” Eur. Phys. J. C 80, 591 (2020).



Electromagnetic calorimeter (ECAL)
Purposes

Particle Identification

Electron energy measurement

Event selection (e.g., reject e + γ)

Detector material is lead tungstate (PbWO4).
Similar to those used by the CMS ECAL

Final ECAL dimension will be optimized with a dedicated study.



Electron energy resolution
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Fig. 9: dE (GeV) for a 50 GeV electron produced in the 1st (left, black), 10th (center, blue), and 20th (last) (right,
maroon) target. In the final apparatus, these stations correspond to 21st, 30th, and 40th. Note the different range
of the axes.
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correspond to 21st, 25th ,30th, 35th, and 40th.

Electron produced in 21st target.
25th
30th
35th
40th


