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Why µ→eγ? - theory 
•  As for other charged lepton flavor violating decays: 
  allowed but unobservable in the Standard Model (SM)  

•  Enanched (sometimes just  
  below experimental limit) in  
  many New Physics Model 

€ 

BR(µ → eγ) SM <10−50

Observation of µ→eγ is 
Physics beyond SM 

Cecilia Voena, FLASY 2014 

Heaviest Right Handed  
ν mass 

MEG previous  limit 

M.Cannoni, J.Ellis, et al. 
Phys Rev D 88 075005 

MEG present result 
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M.Cannoni, J.Ellis, et al. 
Phys Rev D 88 075005 

MEG present result 

Charged Lepton Flavor Violation (cLFV) 

•  Allowed but unobservable in the Standard Model 
  (with neutrino mass ≠0), e.g. µ →eγ 

•  Enhanced, sometimes just below the  
  experimental limit, in many New Physics 
  models 

Observation of cLFV is a clean signal of 
Physics beyond the Standard Model  

Crivellin et. al. 
arXiv:1706.08511 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) 
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Search for New Physics at the Intensity Frontier 

16/5/19 22 

LFV are also optimal 
BSM windows
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LFV are also optimal 
BSM windows

16/5/19 22 

LFV are also optimal 
BSM windows

•  Probe New Physics at very high energy scales:  Λ > 102-104 TeV 
 
•  Very intense beams are needed 

•  High intensity frontier: complementarity with high energy frontier (LHC) 

•  Flavor is the usual graveyard of BSM EW theory  (European strategy @Granada) 
  

•  Muons golden processes 

•  Not only muons: τ, EDM... 

MEG-II (PSI) 

=> this talk 
Mu3e (PSI) 

Mu2e (Fermilab) 
COMET (J-Park) 
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New Physics Reach 

Br (µ+ ! e+�) Br (µ+ ! e+e�e+) BrAu/Al
µ!e

4.2 · 10�13 4.0 · 10�14 1.0 · 10�12 5.0 · 10�15 7.0 · 10�13 1.0 · 10�16

CD
L 1.0 · 10�8 3.1 · 10�9 2.0 · 10�7 1.4 · 10�8 2.0 · 10�7 2.9 · 10�9

CS LL
ee 4.8 · 10�5 1.5 · 10�5 8.1 · 10�7 5.8 · 10�8 1.4 · 10�3 2.1 · 10�5

CS LL
µµ 2.3 · 10�7 7.2 · 10�8 4.6 · 10�6 3.3 · 10�7 7.1 · 10�6 1.0 · 10�7

CS LL
⌧⌧ 1.2 · 10�6 3.7 · 10�7 2.4 · 10�5 1.7 · 10�6 2.4 · 10�5 3.5 · 10�7

CT LL
⌧⌧ 2.9 · 10�9 9.0 · 10�10 5.7 · 10�8 4.1 · 10�9 5.9 · 10�8 8.5 · 10�10

CS LR
⌧⌧ 9.4 · 10�6 2.9 · 10�6 1.8 · 10�4 1.3 · 10�5 1.9 · 10�4 2.7 · 10�6

CS LL
bb 2.8 · 10�6 8.6 · 10�7 5.4 · 10�5 3.8 · 10�6 9.0 · 10�7 1.2 · 10�8

CT LL
bb 2.1 · 10�9 6.4 · 10�10 4.1 · 10�8 2.9 · 10�9 4.2 · 10�8 6.0 · 10�10

CS LR
bb 1.7 · 10�5 5.1 · 10�6 3.2 · 10�4 2.3 · 10�5 9.1 · 10�7 1.2 · 10�8

CS LL
cc 1.4 · 10�6 4.4 · 10�7 2.8 · 10�5 2.0 · 10�6 1.8 · 10�7 2.4 · 10�9

CT LL
cc 3.5 · 10�9 1.1 · 10�9 6.8 · 10�8 4.8 · 10�9 6.6 · 10�8 9.5 · 10�10

CS LR
cc 1.2 · 10�5 3.6 · 10�6 2.3 · 10�4 1.6 · 10�5 1.8 · 10�7 2.4 · 10�9

CV RR
ee 3.0 · 10�5 9.4 · 10�6 2.1 · 10�7 1.5 · 10�8 2.1 · 10�6 3.5 · 10�8

CV RL
ee 6.7 · 10�5 2.1 · 10�5 2.6 · 10�7 1.9 · 10�8 4.0 · 10�6 6.7 · 10�8

CV RR
µµ 3.0 · 10�5 9.4 · 10�6 1.6 · 10�5 1.1 · 10�6 2.1 · 10�6 3.5 · 10�8

CV RL
µµ 2.7 · 10�5 8.5 · 10�6 2.9 · 10�5 2.0 · 10�6 4.0 · 10�6 6.6 · 10�8

CV RR
⌧⌧ 1.0 · 10�4 3.2 · 10�5 5.3 · 10�5 3.8 · 10�6 4.8 · 10�6 7.9 · 10�8

CV RL
⌧⌧ 1.2 · 10�4 3.6 · 10�5 5.1 · 10�5 3.6 · 10�6 4.6 · 10�6 7.6 · 10�8

CV RR
bb 3.5 · 10�4 1.1 · 10�4 6.7 · 10�5 4.8 · 10�6 6.0 · 10�6 1.0 · 10�7

CV RL
bb 5.3 · 10�4 1.6 · 10�4 6.6 · 10�5 4.7 · 10�6 6.0 · 10�6 9.9 · 10�8

CV RR
cc 8.1 · 10�5 2.5 · 10�5 2.3 · 10�5 1.6 · 10�6 2.1 · 10�6 3.4 · 10�8

CV RL
cc 6.7 · 10�5 2.1 · 10�5 2.4 · 10�5 1.7 · 10�6 2.1 · 10�6 3.5 · 10�8

CL
gg N/A N/A N/A N/A 6.2 · 10�3 8.1 · 10�5

Table 3: Limits on the various coe�cients Ci(mW ) from current and future experimental

constraints, assuming that (at the high scale mW ) only one coe�cient at a time is non-

vanishing and not including operator-dependent e�ciency corrections.

the Wilson coe�cients of tensor operators) and gluons. However, it also appears to

be the best setup to study any kind of vector interaction (with the exception of the

aforementioned CV
ee operators, for which µ ! 3e represents the golden channel). This

is mostly due to notable RGE e↵ects in the vector operator mixing matrix.

Concerning, µ ! e conversion it is important to keep in mind that we chose for the

constraints in Table 3 a chiral basis, i.e. we worked with left- and right-handed fields.

However, for Wilson coe�cients given at the low experimental scale, the µ ! e conversion

rate is only sensitive to operators with vector or scalar currents on the quark side, but

not to operators with axial-vector or pseudo-scalar currents. Therefore, it is informative

to switch the basis and consider operators with scalar (vector) and pseudo-scalar (axial-

14

..... 

•  Limits on the Wilson coefficients of LFV effective operators 
from present and future cLFV muon processes 

arXiv:170203020 
A. Crivellin et al. 

1 column = present best limit 
2 column = future limit 
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History of cLFV Searches 

History of CLFV searches with muons 

future experiments 
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Why µ→eγ ?  

•  Intense muon beams available: 

     - PSI presently: up to 108 µ/s , future perspectives:109-1010 µ/s 

 

•   Clean experimental signature 

      Signal and Background

�5

Signal 
Muon at rest: 

● Eγ = Ee=52.8 MeV 
● Back-to-back 
● e - γ coincidence (teγ=0)

ACCidental coincidence  
Michel e+ & γ  
 γ from either RMD, e+annihilation,  
 or e+Bremsstrahlung

Radiative Michel Decay (RMD) 
teγ=0 but x20 less than accidental

∝ Rµ

∝ Rµ

∝Rµ
2

R
at
es

Jun 8th  2016G.Cavoto

Simultaneous,  back-to-back, 
monochromatic 
e+ and γ with Eγ= Ee+= 52.8 MeV 
 
Discriminating variables: 
 
          energies: Ee+,Eγ 
          relative time: Teγ 
          relative angle: Θeγ 

positive muon decays at rest 
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µ→eγ Backgrounds 
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•  Accidental  
  - accidental coincidence of e+ and γ 
   - proportional to Γ2

µ for given detector    
     resolutions 
   - signal proportional to Γµ  
        

            (Γµ= beam intensity) 
   

•  Radiative muon decay  
 
- proportional to Γµ 
- e+ and γ  simultaneous as  
  for signal 
- thus peaking in the Teγ variable 
   

2

muon beams (two further orders of magnitude). Within
each beam configuration the improvements of the de-
tector resolutions, which determine the background re-
jection capability, were fundamental.

Muons are usually stopped in a target, in order to
exploit the very clear signature of a decay at rest: an
e+ and a � in coincidence, moving collinearly back-
to-back with their energies equal to half of the muon
mass (m

µ

/2 = 52.8 MeV). The searches are carried
out by using positive muons: negative muons cannot be
used, since they are captured by a nucleus while being
stopped in the target.

There are two major sources of background events.
One is the radiative muon decay (RMD), µ+ ! e�⌫

e

⌫̄
µ

,
when the positron and the photon are emitted almost
back-to-back while the two neutrinos carry o↵ little en-
ergy. The other is due to the accidental coincidence of a
positron from a Michel muon decay, µ+ ! e+⌫

e

⌫̄
µ

, with
a high energy photon, whose source might be either a
RMD, the annihilation-in-flight (AIF) of a positron in
a Michel decay or the bremsstrahlung from a positron.

To separate the signal from the various background
events, four discriminating variables are commonly used.
The positron energy E

e

, the photon energy E
�

and
the relative angle ⇥

e�

allow to reject both accidental
and RMD events, while the further request of a tight
time coincidence between the positron and the photon
(relative time T

e�

= 0) helps reducing the accidental
background. It is also important to notice that these
variables are not correlated for accidental background
events, and poorly correlated for RMDs on the scale of
the detector resolutions, while in signal events there is a
precise expectation value for each of them. This makes
it advantageous to use them separately in a statistical
analysis, instead of combining them into an invariant
mass.

In the four-dimensional space of these discriminat-
ing variables a signal region can be defined around their
expectation values for the signal events, with widths
�E

e

, �E
�

, �T
e�

and �⇥
e�

which can be taken propor-
tional to the corresponding resolutions. Hence, the im-
pact of the resolution on each variable can be quanti-
fied, considering the rate of accidental events falling in
this signal region. According to [6,7], this rate satisfies:

B
acc

/ � 2

µ

· �E
e

· (�E
�

)2 · �T
e�

· (�⇥
e�

)2 (1)

where �
µ

is the muon stopping rate. This expression is
derived considering the photons from RMD, whose rate
can be precisely predicted based on the RMD theoret-
ical BR and the detector acceptance, with only minor
corrections [8]. For AIF photons, the absolute rate de-
pends on the material crossed by the positrons along
their trajectory, and hence on the details of the detector
layout.

A crucial element of Eq. 1 is the dependence on the
square of �

µ

. Given the current detector resolutions,
and with the large values of �

µ

available at the present
facilities, the accidental background is largely dominant
over the prompt RMD contribution. Even imagining a
sensible improvement of the resolutions, this is likely
to be the case also for the future facilities, when �

µ

is increased by one or two orders of magnitude. Un-
der these conditions, there are two regimes for the ex-
pected experimental sensitivity. If one indicates with
B

acc

T the background yield in the signal region over
the data-taking period of the experiment (T ), the sens-
itivity improves linearly with the beam rate, as far as
B

acc

T ⌧ 1 (e�ciency-dominated regime). On the other
hand, as soon as B

acc

T � 1, there is no advantage from
a further increase of the �

µ

, since the ratio of the sig-
nal yield over the square root of the background yield
remains constant (background-dominated regime). In-
deed, the increased pile-up of several muon decays in
the same event would even deteriorate the detector per-
formances. Hence, for a given detector, the optimal �

µ

is the one for which no more than a few background
events are expected over T . From another point of view,
for a given �

µ

, the best compromise between resolutions
and e�ciency is the one giving a few expected back-
ground events, because it implies an optimal use of the
available beam.

Some further considerations must be added to the
discussion above.

1. Tracking detectors can be used to determine pre-
cisely the positron direction, but photon detectors
cannot provide by themselves a precise determina-
tion of the photon direction, to be used in the de-
termination of the ⇥

e�

angle. Hence, the following
procedure is used: muons are stopped in a planar
target, the intersection of the positron track with
the target plane (positron vertex) is taken as the
muon decay point and the photon direction is taken
as the vector going from the muon decay point to
the photon detection point. Hence, the ⇥

e�

resolu-
tion is determined by the positron vertex resolution
and the photon detection point resolution.

2. B
acc

depends on the square of both the E
�

and ⇥
e�

resolution. In the first case this dependance arises
from the quick drop of the RMD and AIF photon
spectra at the kinematic end point. In the second
case this can be understood by decomposing ⇥

e�

in
its two independent projections, an azimuth angle
�
e�

and a polar angle ✓
e�

. This dependence implies
that even a small improvement in the resolution of
these variables can have a significant impact on the
sensitivity.

Michel or radiative decay: µ→e(γ)νν 
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The MEG(II) Location: PSI  
•  Paul Scherrer Institute 
    - continuous muon beam up to  few 108 µ+/s 

 

 

•  Multi-disciplinary lab: 
     - fundamental research, cancer      
       therapy,  muon and neutron 
       sources 
     - protons from cyclotron    
       (D = 15m, Eproton = 590MeV 
       P = 1.4MW) 

1.4MW Proton Cyclotron at PSI

Provides world’s most powerful DC muon beam  > 108/sec

The Unique Facility 
for μ→eữ Search
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The PSI Surface Muon Beam 

•  Decay at rest of π+ on the target surface 

•  Select positive muons to avoid caputre (Pµ~29 MeV) 

•  It is possible to focalize and stop the muons in a thin target to reduce 
multiple scattering of the e+ 

22 

The muon beam: why PSI? 

•  Most intense continuous muon beam in the world 

•  Up to ~108 µ+/s: only 3x107 µ+/s used for MEG 
  to optimize the sensitivity 

Proton beam current          : ~2.2mA 
Muon production                : from π decaying on the   
                                             production target surface 
Muon central momentum   : 28 MeV/c   
Δp/p                                   : 5% (full-width)    

Cecilia Voena, FLASY 2014 
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The MEG Experiment for µ→eγ Search 



11 

The Five Observables & Rsig
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The best fitted likelihood function is shown. “Signal” in arbitrary scales.

accidental

radiative 
decay

signal

teγ

θeγ φeγ

Ee Eγ

Rsig

Rsig = log10(S / (fRR + fAA)), where S=signal, R=radiative, A=accidental

sum

Total 
Accidental 
Radiative 
Signal 

•  7.5 x 1014 stopped muons in 2009-2013 
•  5 discriminating variables: Ee, Eγ, Teγ, θeγ, φeγ 
•  Likelihood analysis + frequentistic approach 

MEG BR(µ→eγ) Limit Result 

BR (µ→eγ) < 4.2x 10-13  

at 90% C.L. 
Eur.Phys.J.C76 (2016) 

 Magnified signal for illustrative purposes 
No significant excess of the signal 
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MEG-II design

�15 G.Cavoto Jun 8th  2016

Next: MEG Upgrade: MEG-II 

•  Same detector concept as in MEG 
•  Increase beam intensity from 3 x 107 µ/s to 7 x 107 µ/s 
•  Cannot exploit full available beam intensity due to accidental background 

optimized to 
enhance  
sensitivity 
(accidental  
background 
prop. to I2 

µ) 
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MEG-II Detector Highlights: Liquid Xenon 

MEG-II Highlights (I)

24

We developed UV sensitive MPPC  
to cover the inner face of the LXe calorimeter 

Better Resolution, Better pile-up rejection 

Detector under commissioning 

σE ~ 1%, σposition ~ 2/5 mm (x,y/z)

•  Liquid Xenon Calorimeter with higher granularity in inner face: 
    - better resolution, better pile-up rejection 

MEG-II Highlights (I)

24

We developed UV sensitive MPPC  
to cover the inner face of the LXe calorimeter 

Better Resolution, Better pile-up rejection 

Detector under commissioning 

σE ~ 1%, σposition ~ 2/5 mm (x,y/z)

•  Developed UV sensitive MPPC 
    - vacuum UV 12x12mm2 SiPM 
 
•  Commissioned during 2017 and 2018 
    pre-engineering runs 

First events/spectra from 2017 data 

2018 
calibration  
with CW 
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MEG-II Detector Highlights: Timing Counters 

•  High granularity:  
    - 2 sections of  256 plastic scintillator tiles 
     - tiles read by 3x3 mm2 SiPM 
 
•  Complete detector took data in 2017 
    & 2018 
    - already reached design resolution 
    - σT=~35ps 
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MEG-II Detector Highlights: Drift Chamber 

•  Single volume drift chamber with 2π coverage 
    - low mass single volume  
    - 2m long ,1300 sense wires 
    - stereo angle (6°-8°) 
    - high trasparency to TC  
 
•  Delay due to problems of wire fragility in presence  
     of contaminants+humidity 
 
•  Succesfully installed and took data in pre-engineering 
     run 2018 (only few electronic channels) 

G.Cavoto

New positron spectrometer

● Single volume 2π coverage drift chamber 
● 2-m long, stereo wire, low mass chamber 
● 1200 sense wires 
● 8° stereo angle (z reco.) 
● 1.7×10-3 X0 per track  

● Higher transparency to  
 timing counter 
● Double the detection efficiency! 
● Precise reconstruction of 

path length (better timing  
resolution)

Gradient  
Magnetic  
Field 

Old

New

�19 Jun 8th  2016Cabling completed

Crate (HV + 
signals) outside 
CDCH barrack

216 FE-cards 
mounted on US side 
for the HV test
• First time with all 

the electronics 
available

2 patch panels for 
HV distribution 19/29
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MEG-II Detector Highlights: Drift Chamber 

•  Electrostatic stability problems in 2018 run => inner layers could not reach 
the working point 

 
•  Wire elongation in Spring 2019 
 
•  New HV tests show that all the chamber can be operated at the working 

point with 100V safety margin 
 
     Working point 
     1400-1500V  
     @ 5 x 105 gain, 
     He-Iso 90-10 

Francesco Renga - WIN2019, Bari, 3-8 June 2019

MEG-II Highlights - The Drift Chamber

• Electrostatic stability problems in the 2018 run -> inner layers 
could not reach the working point

19

Wire elongation increased 
in Spring 2019 

New HV tests show that all 
the chamber can now be 
operated at the proper 

working point 
(1400-1500 V, 5 x 105 gain) 

with 100 V safety margin

Working point + 100V green = goal reached
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MEG-II Detector Highlights: RDC 
•  Radiative Decay Counter (RDC): 
     new auxiliary detector for background rejection 
 
     - ~50% of accidental background has a photon 
       that comes from a radiative decay 
    - detect positron in coincidence with a photon 
       in calorimeter  
     - improve sensitivity by ~15% 
 
•  Performances demonstrated already in 2017 run 
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MEG-II Detector Highlights: DAQ, Trigger 

•  Trigger and DAQ will be integrated in a single custom system (WaveDAQ) 
which also provides power and amplification for SiPM and MPPC 

•  Preliminary versions of the boards were tested during 2017 and 2018  
    pre-engineering run 

•  Common noise problems found and fixed 

•  Final design and test is going to be finalized in the next few months, mass 
production will start immediately after 

Francesco Renga - WIN2019, Bari, 3-8 June 2019

MEG-II Highlights - RDC, DAQ, Trigger

21

Trigger and DAQ will be integrated  
in a single, compact system 

(WaveDAQ) 

Also provides power and amplification 
for SiPM/MPPC 

Had to face severe common-noise problems 
— now fixed — 

The design and test of the DAQ electronics is 
going to be finalized in the next few months, 
mass production will start immediately after 

21

Francesco Renga - WIN2019, Bari, 3-8 June 2019
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for SiPM/MPPC 
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The design and test of the DAQ electronics is 
going to be finalized in the next few months, 
mass production will start immediately after 

21
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MEG-II Calibrations 
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Francesco Renga - WIN2019, Bari, 3-8 June 2019

MEG-II schedule & sensitivity

23

R&D

PROPOSAL

Construction & Commissioning

Engineering Runs

Physics Runs

2013 2014 2015 2016 2017 2018 2019 2020 2021 2023

6 x 10-14

2022

MEG-II Goals and Schedule 

Expected  
sensitivity 
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Next Generation of µ→eγ Searches ? 

•  Activities around the world to increase the muon beam rate to 
109-1010 muons/s 

•  Crucial to understand which factors will limit the sensitivity 

Bsig ∝Γµ Bacc ∝Γµ
2 ⋅δEe ⋅ (δEγ )

2 ⋅δTeγ ⋅ (δΘeγ )
2

Francesco Renga - CLFV2019, Fukuoka, 17-19 June 2019

The next generation of high intensity muon beams

HiMB Project  
@ PSI 

x4 µ capture eff. 

x6 µ transport eff. 

1.3 x 1010 µ/s A. Knecht, SWHEPPS2016

MuSIC Project  
@ RCNP 

Thick production 
target 

π capture solenoid 

4 x 108 µ/s 
at the production targetS. Cook et al., Phys. Rev. Accel. Beams 20 (2017)

24

Francesco Renga - CLFV2019, Fukuoka, 17-19 June 2019

The next generation of high intensity muon beams

HiMB Project  
@ PSI 

x4 µ capture eff. 

x6 µ transport eff. 

1.3 x 1010 µ/s A. Knecht, SWHEPPS2016

MuSIC Project  
@ RCNP 

Thick production 
target 

π capture solenoid 

4 x 108 µ/s 
at the production targetS. Cook et al., Phys. Rev. Accel. Beams 20 (2017)

24

Preliminary study at 
FNAL (PIP-II) 
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Conclusions 

•  Search of µ→eγ decay continues 

•  LHC searches still leave lot of space for cLFV 

•  Best world limit from MEG experiment 
    

     
•  MEG-II  
    => expect a sensitivity of 6x10-14 in 3 years starting from 2020 
 
•  What's next?  
 
    - 109-1010 µ/s seems possible (HiMB,MuSIC..) 
    - Need to think carefully a detector for a future µ→eγ experiment  
      in order not to be overwhelmed by accidental background 
    - Interplay with other µ cLFV modes 

BR (µ→eγ) < 4.2x 10-13 at 90% C.L. 



23 

Backup 
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 European strategy update @ Granada 

Year
1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040

 L
im

it

19−10

17−10

15−10

13−10

11−10

9−10

7−10

5−10

3−10

1−10
1

γ e → µ
  e N→ N µ

 e e e→ µ

Situazione> 2025
• Se esiste uno esistono anche gli altri 

• Discriminazione dei modelli?

Now

ballistic

future

•  Mu2e and Mu3e are structured in 

     different phases and upgrades 

     have been proposed 

 

•  For µ->eγ, preliminary (simulation) studies 

     have been performed for future 

    experiment (after MEG-II) 

from 36 institutions in six countries, including Italy, Germany, and the UK. Using 100 kW of
protons from PIP-II, the Mu2e-II projected sensitivity is a factor ten or more better than the
Mu2e sensitivity. Data taking could begin in the late 2020s.

The COMET collaboration is also heavily involved in R&D towards the PRISM project, which
combines COMET Phase-II with an FFAG muon storage ring to potentially provide muon beam
intensities of > 1012 stop-µ/s with a narrow momentum bite allowing the use of very thin
stopping targets, and significantly reduced pion contamination owing to the increased transport
path length. In conjunction with an upgrade to the J-PARC proton source to achieve 1.3 MW
and to the detector systems to accomodate the higher rates, PRISM o↵ers the potential to
achieve sensitivies to µ�N ! e�N of the order of 10�19. The monochromatic, pion-suppressed,
high-intensity muon beam provided by PRISM will allow the use of stopping targets comprised
of heavy elements, such as gold or lead, that can be important in understanding the underlying
new physics operators in the event of a discovery [33].

Summary
The MEG, Mu3e, Mu2e, and COMET experiments use intense muon beams to provide the broadest,
deepest, most sensitive probes of charged-lepton flavour violating interactions and to explore
the BSM parameter space with sensitivity to new physics mass scales of 103 � 104 TeV/c2,
well beyond what can be directly probed at colliders. Over the next five years, currently
planned experiments in Europe, the US, and Asia will begin taking data and will extend the
sensitivity to µ ! e charged-lepton flavour violating transitions by orders of magnitude. Further
improvements are possible and new or upgraded experiments are being considered that would
utilize upgraded accelerator facilities at PSI, Fermilab, and J-PARC. The schedule of planned
and proposed experiments is summarized in the figure below. Strong European participation
in the design, construction, data taking, and analysis will be important for the success of these
future endeavors and represents a prudent investment complementary to searches at colliders.

We urge the committee to strongly support the continued participation of European institu-
tions in experiments searching for charged-lepton flavour violating µ ! e transitions using
high-intensity beams at facilities in Europe, the US, and Asia, including possible upgraded
experiments at next-generation facilities available the latter half of the next decade at PSI,
Fermilab, and J-PARC.

Figure 1: Planned data taking schedules for current experiments that search for charged-lepton flavor

violating µ ! e transitions. Also shown are possible schedules for future proposed upgrades to these

experiments. The current best limits for each process are shown on the left in parentheses, while

expected future sensitivities are indicated by order of magnitude along the bottom of each row.
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Future µ→eγ  experiment 

Expected Sensitivity

A few 10-15 level seems to be within reach for a 3-year run at ~ 108 µ/s 
with calorimetry (expensive) or ~ 109 µ/s with conversion (cheap)

15

Fully exploiting 1010 µ/s and breaking the 10-15 wall 

seem to require a novel experimental concept
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Present CLFV limits AN EXPERIMENTAL AND THEORETICAL INTRODUCTION TO CLFV 5

Reaction Present limit C.L. Experiment Year Reference

µ+ ! e+� < 4.2⇥ 10�13 90% MEG at PSI 2016 [48]
µ+ ! e+e�e+ < 1.0⇥ 10�12 90% SINDRUM 1988 [49]
µ�Ti ! e�Ti † < 6.1⇥ 10�13 90% SINDRUM II 1998 [50]
µ�Pb ! e�Pb † < 4.6⇥ 10�11 90% SINDRUM II 1996 [51]
µ�Au ! e�Au † < 7.0⇥ 10�13 90% SINDRUM II 2006 [53]
µ�Ti ! e+Ca⇤ † < 3.6⇥ 10�11 90% SINDRUM II 1998 [52]
µ+e� ! µ�e+ < 8.3⇥ 10�11 90% SINDRUM 1999 [54]
⌧ ! e� < 3.3⇥ 10�8 90% BaBar 2010 [55]
⌧ ! µ� < 4.4⇥ 10�8 90% BaBar 2010 [55]
⌧ ! eee < 2.7⇥ 10�8 90% Belle 2010 [56]
⌧ ! µµµ < 2.1⇥ 10�8 90% Belle 2010 [56]
⌧ ! ⇡0e < 8.0⇥ 10�8 90% Belle 2007 [57]
⌧ ! ⇡0µ < 1.1⇥ 10�7 90% BaBar 2007 [58]
⌧ ! ⇢0e < 1.8⇥ 10�8 90% Belle 2011 [59]
⌧ ! ⇢0µ < 1.2⇥ 10�8 90% Belle 2011 [59]

⇡0 ! µe < 3.6⇥ 10�10 90% KTeV 2008 [60]
K0

L ! µe < 4.7⇥ 10�12 90% BNL E871 1998 [61]
K0

L ! ⇡0µ+e� < 7.6⇥ 10�11 90% KTeV 2008 [60]
K+ ! ⇡+µ+e� < 1.3⇥ 10�11 90% BNL E865 2005 [62]
J/ ! µe < 1.5⇥ 10�7 90% BESIII 2013 [63]
J/ ! ⌧e < 8.3⇥ 10�6 90% BESII 2004 [64]
J/ ! ⌧µ < 2.0⇥ 10�6 90% BESII 2004 [64]
B0 ! µe < 2.8⇥ 10�9 90% LHCb 2013 [67]
B0 ! ⌧e < 2.8⇥ 10�5 90% BaBar 2008 [68]
B0 ! ⌧µ < 2.2⇥ 10�5 90% BaBar 2008 [68]
B ! Kµe ‡ < 3.8⇥ 10�8 90% BaBar 2006 [65]
B ! K⇤µe ‡ < 5.1⇥ 10�7 90% BaBar 2006 [65]
B+ ! K+⌧µ < 4.8⇥ 10�5 90% BaBar 2012 [66]
B+ ! K+⌧e < 3.0⇥ 10�5 90% BaBar 2012 [66]
B0

s ! µe < 1.1⇥ 10�8 90% LHCb 2013 [67]
⌥(1s) ! ⌧µ < 6.0⇥ 10�6 95% CLEO 2008 [69]

Z ! µe < 7.5⇥ 10�7 95% LHC ATLAS 2014 [70]
Z ! ⌧e < 9.8⇥ 10�6 95% LEP OPAL 1995 [71]
Z ! ⌧µ < 1.2⇥ 10�5 95% LEP DELPHI 1997 [72]
h ! eµ < 3.5⇥ 10�4 95% LHC CMS 2016 [73]
h ! ⌧µ < 2.5⇥ 10�3 95% LHC CMS 2017 [74]
h ! ⌧e < 6.1⇥ 10�3 95% LHC CMS 2017 [74]

Table II. – Limits for the branching ratio of charged lepton flavour violating processes of leptons,
mesons, and heavy bosons. More extensive lists of B-meson and ⌧ CLFV decays (including all
hadronic modes) can be found in [75, 76]. †Rate normalised to the muon capture rate by the
nucleus, see Eq. (99). ‡B-charge averaged modes.


