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Process Current Limit Next Generation exp 

τ  µη        BR < 6.5 E-8     BaBar 

τ  µγ        BR < 6.8 E-8     BaBar 10-9 - 10-10 (Belle II) 

τ  µµµ        BR < 3.2 E-8     Belle 

τ  eee        BR < 3.6 E-8     Belle 

KL  eµ        BR < 4.7 E-12    BNL 

K+  π+e−µ+        BR < 1.3 E-11     BNL NA62 might improve by O(10) 

B0  eµ        BR < 7.8 E-8       LHCb 

B+  K+eµ        BR < 9.1 E-8       BaBar 

µ+  e+γ        BR < 4.2 E-13     MEG@PSI 10-14 (MEG@PSI) 

µ+  e+e+e-        BR < 1.0 E-12     SINDRUM@PSI 10-16  (PSI) 

µN  eN        Rµe < 7.0 E-13     SINDRUM@PSI 10-17 (Mu2e, COMET) 

 Belle II - LHCb 

Most stringent LFV upper limits 

R-parity conserved SUSY: meson decays strongly suppressed by µ constraints 
(not true if R –parity is violated): Belayev et al., 2000 



The recent LHCb results   on possible LFU violations  could be a sign of new physics giving rise 
to LFV: A. Crivellin et al., 2017 (LQ model) 



Higgs induced CLFV:  parameterized with the following lagrangian 

Search for LFV decays of the Higgs boson at LHC 

LHC 

LHC 

LHC 

(Phys. Lett. B 763(2016) 472; CMS-PAS-HIG-17-001) 

L. Calibbi, G.Signorelli, 2017 

B(H->µτ)<0.25%; B(H->eτ)< 0.61%; B(H->eµ)<0.035%  



τ cLFV sensitivity (BelleII): 1 

Leptons: τ 



τ cLFV sensitivity (BelleII): 2 

• Luminosity of 50 ab-1 (5x105 ττ) reachable by 2025 
 

• Golden channels (τ−>3µ) might be non background limited 



The foreseen improvements on all the CLFV decays 



The sensitivity of the τ channels wrt the µ channels again depends very 
much on the model considered 

Antusch et al., 2006 

Bu the enhancement of the τ decay  can be as large as 104:  Barbieri et  al., 
1994 



History of CLFV searches with muons 



Establishing the family structure of 
elementary particles (νµ≠νe) 



Is Lepton Family a fundamental 
symmetry of nature  ? 
Bilenky, Petcov, Pontecorvo 1977 
Bjorken, Lane, Weinberg 1977 
 
BR(µ->eγ) ≈5x10-10 

 



New Physics processes 
BSM ? 

Different µ-beam 
concept 



µ→eγ  rate in the standard model 
after neutrino oscillations 
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CLFV are VERY clean channels for new physics searches 

In the pre-ν oscillations SM cLFV amplitudes are 0 due to the fact 
that neutrino masses are 0 
 
But even the introduction of  conventional  neutrino masses to 
account for oscillations gives negligible rates 

Why are these processes so sensitive to BSM ? 
First: CLFV in the SM are NOT observable 



Second:  as soon as one starts adding terms to the SM Lagrangian: 

Supersymmetry Heavy Neutrinos 
(see saw) 

Leptoquarks Compositeness New Heavy Bosons / 
Anomalous Couplings 

Charged Lepton flavor violating  amplitudes arise at measurable levels !! 



SUSY seesaw SO(10) with PMNS slepton mixing; Calibbi, Signorelli 2017 and references 
therein. 

An example… 



Supersymmetry Heavy Neutrinos 
(see saw) 

Leptoquarks Compositeness New Heavy Bosons / 
Anomalous Couplings 

µ→eγ 

In other cases µ->e  conversion or µ->3e dominate  Complementarity +  
possibility of distinguishing among different models 

In case model prefer dipole operator (Supersymmetry) µ−>eγ is enhanced by 
roughly a factor  1/α wrt  µ->e  conversion or µ->3e  

(e) (e) (e) (e) 
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The PSI surface muon beam 

-        108 µ/s from the decay at rest of π+ on the target surface (the µ range is 
approx.  .1 gr/cm3): almost completely polarized 

- It is possible to focalize and stop the µ beam in a thin target 

π→µν 

at rest 
cMeVP /29~µ



1m

e+

Liq. Xe Scintillation
Detector

γ

Drift Chamber

Liq. Xe Scintillation
Detector

e+

γ

Timing Counter

Stopping Target
Thin Superconducting Coil
Muon Beam

Drift Chamber

1. Stopped beam of 3 107 µ 
/sec in a 150 µm target 

2. Solenoid spectrometer & 
drift chambers for e+ 
momentum 

3. Scintillation counters for 
e+ timing 

4. Liquid Xenon calorimeter 
for γ detection 
(scintillation) 

 

Used by the MEG experiment… 
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Signal and background 

  e+  µ+  γ 

θeγ = 180° 
Ee = Eγ = 52.8 MeV 

Te = Tγ 

signal  
µ → e γ 

background  

physical  
µ → e γ ν ν 

  e+  µ+  γ 
ν 

ν 

accidental  
µ → e ν ν 

µ → e γ ν ν 
ee → γ γ  

eZ → eZ γ  
 

  e+  µ+ ν 
ν 

 γ 



The interesting 4D region split in 2 bidimensional  plots 



A more quantitative comparison… 

The relative angle is split into zenith and azimuth 



The MEG II detector 
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For a final sensitivity of 4x10-14  
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The same µ beam will be used by µ->3e 
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µ+→e+e+e- : SINDRUM I Data from SINDRUM I 
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>2020 

250 µ fibers + SiPM 

5mm thick + SiPM 

The detector concept 

HVMAPS 
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Precise timing is critical to reduce the accidental background 
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Reconstruction simulation  
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µ→e conversion 

µ- + (A,Z) -> e- + (A,Z) 
 
Signature: single monoenergetic e- 

 
E = mµ- Bµ : 105 MeV in Al 
 
Lifetime  ≈1 µs 
 
No accidental backgrounds! 
 
 
 
 

≈1011 µ/s 
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Production 
Solenoid 

Transport 
Solenoid 

Detector 
Solenoid 

Production Solenoid:  
8 GeV protons interact with a tungsten target to produce µ- (from π- decay) 

Transport Solenoid:  
Captures π- and subsequent µ-;  momentum- and sign-selects beam 

4.6 T 
2.5 T 

2.0 T 
1.0 T 

about 25 meters end-to-end 

Detector Solenoid:  
Upstream – Al. stopping target, Downstream – tracker, calorimeter 
(not shown – cosmic ray veto system, extinction monitor, target monitor)  

Mu2e beam line elements   
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Mu2e Cosmic-Ray Veto 

PS 
TS 

Without the veto system, ~1 cosmic-ray induced background event per day 

• 4 overlapping layers of scintillator 
– Each bar is 5 x 2 x ~450 cm3 

– 2 WLS fibers / bar 
– Read-out both ends of each fiber with SiPM 
– Have achieved e > 99.4% (per layer) in test beam 
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Plus a neutrons shielding of the detectors’ area 

…and joint effort Mu2e and Comet to study the proton  emission  due 
to muon capture in Al which may significantly contribute to the 
detectors hit rate: AlCap  experiment at PSI 
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• Single-event-sensitivity = 2.6 x 10-17 

(SES goal 2.4 x 10-17) 
• Total background < 0.5 events 

Detailed simulation of the electron momentum at the signal region 
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 Mu2e Schedule 

FY14                 FY15                   FY16                  FY17                 FY18               FY19                  FY20                FY21 

CD-1 CD-3a CD-2/3b 

Superconductor 
R&D 

Solenoid Infrastructure 
Solenoid 
Installation & 
Commissioning 

Solenoid Design 

Accelerator and Beamline Construction  

Detector Construction 

Detector Hall 
Design 

Site 
Work 

Detector 
Operations Cosmic Tests 

CD-3c 

Detector Hall 
Construction 

Beam line 
Commissioning 

Fabricate and  QA Superconductor 

Solenoid Construction 

Produced: February 2015 
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2017 

COMET Phase I 
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COMET Phase II 
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 Comparison with SUSY searches at LHC 

Calibbi, Signorelli, NC 2017 
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Summary 
 
 
 
CLFV: excellent probe for  search for physics Beyond the 
Standard Model  
 
Complementarity  among the different channels enabling 
to check the different New Physics  models  
 
Complementarity  of  intensity (and precision) frontier wrt 
to the high energy frontier 
 
We would need some luck, soon or later… 
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2011 
paper 



2013 

New Kalman filter 

Better pile-up 
rejection 
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Belle 



Crivellin et al., 2016 



Calibbi et al., 2014 

g-2 µ->e γ 



48 



49 



50 

Mu2e Pattern Recognition 
Straw Tracker Crystal Calorimeter Stopping Target 

signal e- 
DIO e- 

(particles with hits within +/-40 ns of signal electron tmean) 
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