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Overview 
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•  Why searching for charged lepton flavour 
violation? 

•  How can LFV occur?  
•  How to search for charged LFV? 

–  µàeγ 
–  µàe conversion 
–  µàeee 

 



Quark and lepton sector in the SM 
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•  In the quark sector, mass matrices for uL and dL cannot be 
diagonalized at the same time à CKM matrix 

•  In the lepton sector, with mv=0 and no right-handed neutrinos, 
mass matrix for charged leptons is diagonal  

 
  à lepton flavor is conserved  
  à no charged lepton flavor transitions at tree level 

 



Neutrino oscillations 
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•  Even though mv=0 in the SM, we know from experiment that 
neutrino oscillations occur and mv≠0 

à Neutral lepton flavor violation does happen! 
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à no such vertex in SM 
 

 

Example µàeγ 



à perfectly fine 1-loop diagram 
in extended SM with massive 
neutrinos 
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à no such vertex in SM 
 

 

Example µàeγ 
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à perfectly fine 1-loop diagram 
in extended SM with massive 
neutrinos 
However: branching fraction is 
very small, as there is very little 
time to oscillate (heavy W boson) 

 

à no such vertex in SM 
 

 

Example µàeγ 
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Other examples 

+ same with τ's 



New physics models: Supersymmetry 
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•  Bosonic partners to all 
fermions, in particular 
"sleptons" with their own mass 
matrix (not necessarily 
diagonal at the same time as 
ml) 

•  Slepton and neutralino masses 
likely not different by 10 orders 
of magnitude à higher 
branching ratio than in the SM 
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•  GUT: Symmetry incorporating 
all SM symmetries plus 
additional particles coupling to 
quarks and leptons 
(leptoquarks) 

•  LQ typically much, much 
heavier than quarks à     
màeγ stays suppressed 

•  can lead to enhancement in 
màeee 

 

New physics models: GUT 



Other models 
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•  Models with additional Higgs bosons 
•  Models with right-handed neutrinos 
•  Models including any new force with off-diagonal couplings (Z' 

in additional gauge symmetries, KK-excitations in extra-
dimension models) 

à Predict lepton flavour violation 
à Typically (for heavy new particles) larger enhancement for 
tau decays by (mτ/mµ)2 ~ 290 
à However: can produce as many muons per second as taus 
in a year... 

 



Charged LFV experiments 



Muons – how to get to high intensity 
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•  ... 

 

Muons – how to get to high intensity 

à continuous beam 
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Cyclotron 

à T independent of r 
à works for non-relativistic velocities v<0.1c 
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PSI high-intensity proton accelerator (HIPA) 
f = 50.6 MHz 
n ~ 180  
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•  ... 

 

Muons – how to get to high intensity 
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Pion production 
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Pion decay 
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•  ... 

 

Muon beamlines 



Lepton flavor violation experiments 
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History of LFV experiments 
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History of LFV experiments 
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Lepton flavor violating τ decays 
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BELLE-2 @ SuperKEKB 
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History of LFV experiments 
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LFV muon decays 
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LFV muon decays 
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LFV muon decays 
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-II 

@ Fermilab, J-PARC, BNL @ PSI @ PSI 



LFV muon decays 
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LFV muon decays 
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LFV muon decays 
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MEG/MEG-II 



MEG signal and background 
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MEG signal and background 
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à 



MEG signal and background 
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The MEG detector 
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The MEG detector 
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MEG results 
•   Five observables



Resolution 
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How to improve sensitivity? 
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The MEG-II detector 
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Resolution 2x better in 
all subdetectors 



MEG-II projections 
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Mu2e, DeeMee, 
COMET, PRISM 



Conversion: Experimental method 
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•  Low energy muons stop at target 
and are captured by the nucleus. 
Then cascade to 1s state. 

•  They either get captured by the 
nucleus or decay in orbit.  

•  Or they are converted to an 
electron in the muonic atom    
 à signal 

 

Ee ≈ mµ-Bµ   
= 105 MeV 

•  Background: anything that 
can produce an electron 
with E=105 MeV (beam 
background, decay in 
orbit, cosmics) 
 à need pulsed beam 

•  No accidental background 
à can work with higher 
muon rates  

 



Beam induced backgrounds 
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Muons from Fermilab... 
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... and at J-PARC 
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Experimental concept – Mu2e 
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•  Tungsten target for pion production 
•  Transport solenoid:  

>  Long enough for pions to decay (>20m) 
>  Negative charge selection 
>  Low momentum selection (pµ<75 MeV) 
>  High transport efficiency 

•  Aluminum target for muon conversion 

•  Detector solenoid: Select electrons with 
E=105 MeV 

•  Detector with excellent energy/
momentum resolution 



Experimental concept – Comet 
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Comparison to mu2e: 
•  Same production target 
•  Different magnetic field 

configuration for muon 
transport, but similar 
efficiency 

•  Curved solenoid for detection 
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Further steps: Prism/Prime 
Increased sensitivity achieved by: 
•  Higher intensity (up to 1012µ/s) 
•  Less contamination from pions   
     (addition of muon storage ring) 
•  Better energy/momentum resolution 
 



Expected sensitivity 
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Mu3e 



Signal 
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Backgrounds 
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Accidental background 

Internal conversion 
background 
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Detector technology: Tracking! 
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Detector technology: Tracking! 
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Monolithic active pixel sensors (MAPS) 
à Fast and thin sensors 
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Monolithic active pixel sensors (MAPS) 
à Fast and thin sensors 



Signal 
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Signal 
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Momentum measurement 
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Detector design 

63 
O(1ns) timing 



Detector design 
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Low mass 



Sensitivity 

66 



Summary 
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•  Search for charged lepton flavor violation as probe for new 
physics 

•  New experiments with improved sensitivity 

 



•  Lecture prepared by N. Berger for HGSFP 2018: 
     https://gsfp.physi.uni-heidelberg.de/winterschool_2018/ 

 
 
 
•  More on this topic in Master level class:  
    Phy568: Flavour Physics 
   https://www.physik.uzh.ch/en/teaching/PHY568/FS2019.html 
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Backup 
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https://indico.cern.ch/event/880823/
contributions/3710659/attachments/
1979354/3295507/Pixel_Sensors.pdf. 



SINDRUM-II at PSI 
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Cobra magnet 
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MuPix10  
•  MuPix10: Full-size chip of the MuPix family 
•  Status: Submitted for production, expected to be available in 

spring 2020 
•  Chip size:  20x23mm2 
•  Pixel size: 80x81µm2 

 

 
•  For more details see talk by Ivan Peric: 
https://indico.cern.ch/event/880823/contributions/3710659/attachments/
1979354/3295507/Pixel_Sensors.pdf 
 
 

•  Construction of pixel modules 
for mu3e with MuPix10 from 
April-October 2020  

 
 


