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Physics Motivation : Beyond the Standard Model with muons

I LF is not conserved from neutrino oscillations.
I cLFV in the SM (+mν) is negligibly small.

B. Pontecorvo (1947) : µ = e∗

Cheng and Li (’77,’80) Petcov(’77).
BR(µ→ eγ) ' O(10−54).

I Search for rare processes or measure fundamental quantities like g-2
I Direct search (Energy Frontier) LHC, ILC : higher energy for heavier new

particle(s).
|ASM + εNP |2 ' |ASM |2 + 2Re(ASMεNP )

I Indirect search (Intensity Frontier): ”slight” difference from SM prediction.
|ASM + εNP |2 ' |εNP |2 ⇒ Rate ' 1

Λ4

I Probe the PeV scale with cLFV.
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Past and future

from Ann-Kathrin Perrevoort NuFACT2017
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Experimental consequences

Rare decays searches require :
I Detectors with very good resolution and excellent background rejection.
I Background includes physical background, beam-related backgrounds,

accidentals, cosmic rays and false tracking.
I As good as possible simulation and tracking are mandatory

Comparison between µ→ eγ and µ− e conversion :
background challenge beam intensity

µ→ eγ accidentals detector resolution limited
µ− e conversion beam beam background no limitation

I High intensity pulsed muon beams require strict proton beam extinction between
pulses.

I Discussions on limits on BR or SES between experiments.
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Signal and Intrinsic Background

I DIO : decay in the field of a nucleus.
I TWIST (2009), A. Czarnecki et al. (2014).

Included in GEANT4.
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Current bounds and future sensitivities

Process Experiment Limit
BR(µ+ → e+γ) MEG(’13) 4.2 10−13

MEG-II(≥ ’20) at PSI 4 10−14

BR(µ+ → eee ) SINDRUM(’88) 10−12

Mu3e Phase I(≥ ’20) at PSI 2 10−15

R(µ→ e :Au) SINDRUM-II(’06) 7 10−3

R(µ→ e :Al) COMET-PhaseI(' ’20) 3 10−15

COMET-PhaseII(>’20) 3 10−17

Mu2e(≥ ’20) 7.5 10−17

R(µ→ e :Ti) PRISM(> ’20) O(10−18)

PSI vs J-PARC : 108µ/s vs 1011µ/s
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MEG : coincidences and reconstructed mass
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MEGII

Improve all resolutions : energy, momentum and timing.

from Angela Papa NuFACT2016
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Mu3e
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Mu3e Concept

from Angela Papa NuFACT2016
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Mu3e from Phase I to Phase II

I A detector with good vertex and time
resolution.

I Pixels and Scintillating Fibers.
I Low material budget for low momemtum

electrons.

I Increase acceptance for recurlers
I Smaller beam profile
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µ-e conversion

I Coherent process: unchanged nucleus.
I Signal : mono-energetic electron Ee = mµ − Bµ − Erecoil
I me � mµ, Bµ = mµ

1
2 Z2α2 and Erecoil = mµ

mµ

2M
I For aluminum used by COMET : Ee = 104.9 MeV.
I Define a conversion rate BR = Γ(conversion µ−e)

Γ(capture de µ)

I Current limit for SINDRUM-II at 90% CL on gold : BR < 7. 10−13

I COMET Single-Event-Sensitivity Phase-I ≤ 3 10−15 and Phase-II ≤ 3 10−17
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Backgrounds and signal

from Myeongjae Lee NuFACT2017
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SINDRUM
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Mu2e
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COMET
µ→ e conversion

I Staging approach : Phase I to achieve 10−14 sensitivity and then Phase II

I 8 GeV, pulsed proton beam to produce high-intensity muon beam
I COMET building finished and Muon Transport Solenoid installed
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COMET (E21)
COMET Phase I (2016)

I Beam background study and achieve
S.E.S. ' 3.10−15 with 8 GeV - 3.2 kW
proton beam, ∼ 3 months DAQ

COMET Phase II (2020)
I 8 GeV - 56 kW proton beam , ∼ 1 year

DAQ to achieve the COMET final goal of
S.E.S ' 3.10−17
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COMET

I µ→ e conversion signal identified with an energetic electron of 105MeV emitted
from a muonic atom with delayed timing.
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COMET Sensitivity
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Exclusion diagrams

Dipole and 4-fermion couplings
µ−N → e−N low energy effective lagrangian

L = 1
1+κ

mµ

Λ2 µ̄Rσ
µνeLFµν

+
κ

1+κ
1

Λ2 (µ̄Lγ
µeL)(q̄LγµqL) + h.c.
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DeeMe
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DeeMe
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g-2 experiments
New g-2 at FERMILAB

g-2 at J-PARC
µ+ beam intensity achievement.



24/31

g-2 measurements
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Comparison
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g-2/EDM expected measurement

I Separation of g-2 and EDM.
I SImultaneous measurement.
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New g-2 at FERMILAB
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Welcome to COMET (and g-2/EDM)
with a tentative schedule from Satoshi Mihara
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Conclusions

I An interesting period of expected new results.
I Either discovery or new limits,

it will impinge on the high energy physics strategy.
I But still a lot of work to keep pushing the limits.
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