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Swiss Involvement MEGII
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Status & Outlook MEGII

Current best limit:  B(μ+→e+γ) < 4.2 x 10-13 (90% C.L.)

MEGII: Upgrade of sensitivity by a factor 10 →  B(μ+→e+γ) < 6 x 10-14 
MEGII engineering run: 2018

Additional order of magnitude improvement:
At 108 μ+/s: with improved and high-acceptance photon calorimetry
At 109 μ+/s: with photon conversion and e+e- tracking
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Baldini et al., Eur. Phys. J. C 76, 434 (2016)

Cavoto et al., Eur. Phys. J. C 78, 37 (2018)
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Mu3e Detector
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Mu3e Collaboration
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Swiss Involvement
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Status & Outlook Mu3e

Current best limit:  B(μ+→e+e+e-) < 1.0 x 10-12 (90% C.L.)

Mu3e: 
Phase-I: At 108 μ+/s → B(μ+→e+e+e-) < 2 x 10-15

Phase-I: Engineering run 2021

Phase-II: At >109 μ+/s→ B(μ+→e+e+e-) < 10-16

�10

Bellgardt et al., Nucl. Phys. B299, 1 (1988)
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Searches for Muon to Electron Conversion

Current best limit:  B(μ-N→e-N) < 6.5 x 10-13 (90% C.L., Ti) 
                              B(μ-N→e-N) < 7.0 x 10-13 (90% C.L., Au) 

To reduce backgrounds requires pulsed beams
Efforts under way at J-PARC and Fermilab
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Bertl et al., Eur. Phys. J. C 47, 337 (2006)

Eggli, Thesis Uni. Zürich (1995)

DeeMe at J-PARC

Improve limit by 1 - 2 orders of 
magnitude depending on target

44 R.H. Bernstein, P.S. Cooper / Physics Reports 532 (2013) 27–64

Fig. 15. Overview of the Mu2e muon–electron conversion experiment.

Fig. 16. Overview of the COMET muon–electron conversion experiment.
Source: Figure taken from Kuno (2008).

2. COMET has a curved solenoid after the stopping target. The particles associated with muon capture do not pass through
the curve in the Detector Solenoid. In addition, most of the decay-in-orbit events (including those up to the Michel peak
and beyond) are stopped in the curve.

Mu2e solves the first problemwith a ‘‘proton absorber’’ that filters the protons associated with muon capture. Instead of
using a second ‘‘C’’ curve to filter out low energy decay-in-orbit events, Mu2e has a central hole sized so that only a small
number (⇠100 K in the proposed run) have sufficient p? to be seen by the tracker or calorimeter. COMET’s second ‘‘C’’
entails a loss of acceptance and does not perfectly reject decay-in-orbit events so that a ‘‘DIO-blocker’’ must be employed.
Optimizations of both experiments are being performed at this writing.

There are two other ideas which should be included in this article even though they are in an early stage. The first,
DeeMe, is a proposal at J-PARC to use conversions in the production target to search for muon-to-electron conversion in a
silicon-carbide target (Aoki et al., 2012). This experiments hopes to improve on the SINDRUM-II sensitivity by up to two
orders-of-magnitude. COMET has suggested a phased approach for their effort where the construct the first half of their C
transport solenoid and possibly build a SINDRUM-style detector. After a brief run of 12 days they hope to obtain a similar
sensitivity to DeeMe.

3.2.3. Prospects for future muon-to-electron conversion experiments
It is perhaps an excellent example of hubris, while still planning experiments 104 times better than existing ones, to

consider experiments an additional two or more orders-of-magnitude beyond those. Nonetheless we can set out some
general ideas and what the limitations might be.

The experimental goals for a search post-Mu2e or COMET depend on what is seen by those experiments. In the case of a
signal, the new physics must be pinned down and explored. Perhaps the most powerful discriminant is to change the Z of
the capturing nucleus as explained by Cirigliano et al. (2009). Looking at higher-Z nuclei presents challenges. The lifetime
of the muonic atom shrinks as Z grows (e.g. ⌧Al = 864 ns and ⌧Au = 72.6 ns). Since a typical proton pulse is between tens
and a couple of hundred ns, the ability to wait until after the beam flash, ensuring a quiet detector, disappears for a 72.6 ns

Mu2e at J-Fermilab

Improve limit by 4 orders by 2025

COMET at J-PARC

Improve limit by 2 orders by 2020 
and 4 orders by 2023
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piE5 Beam Line

Coincidence experiments like MEG-II 
and Mu3e only possible at continuous 
beams, i.e. PSI

piE5 is the beam line with the highest 
muon intensity available for particle 
physics: ~ 2 x 108 μ+/s
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piE5
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HiMB Project
Replacement of existing TgM by new 
target station M* with 20 mm thick 
graphite slab at 5˚ located a few meters 
downstream

Split capture solenoid channel close to 
target

One side: particle physics (high-intensity)
Other side: materials science (high-
polarization)

Normal conducting solenoids
Front-end: radiation hard
Similar to existing μE4 solenoids

First (simple) beam optics shows that  
O(1010) μ+/s can be transported
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Summary

Exciting prospects for highly improved sensitivity in charged lepton flavour 
violation searches with muons in the next 10 years

PSI uniquely suited for coincidence experiments like MEG-II and Mu3e

Next phases of experiments will need higher beam rates than currently 
available at PSI. Started HiMB project to deliver O(1010) μ+/s.
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Backup
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How the sensitivy can be pushed down?
Using the µ+ → e+ γ search as an example
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SES = 
1 

R x T x Ag x ε(e+) x ε (gamma) x ε(TRG) x ε(sel)

• More sensitive to the signal...
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Current upper limit future sensitivity

BR (µ+ → e+ γ) < 4.2 x 10-13 (MEG)

BR (µ+ →  e+ e+ e- ) < 1.0 x 10-12 (SINDRUM)

SES (µ+ → e+ γ)  ~ 5 x 10-14 (MEGII)

SES (µ+ →  e+ e+ e- ) ~ 10-16 (Mu3e)



cLFV best upper limits

Process Upper limit Reference Comment

μ+ -> e+ γ 4.2 x 10-13 arXiV:1605.05081 MEG

μ+ -> e+ e+ e- 1.0 x 10-12 Nucl. Phy. B299 (1988) 1 SINDRUM 

μ- N -> e- N 7.0 x 10-13 Eur. Phy. J. c 47 (2006) 337 SINDRUM II

τ -> e γ 3.3 x 10-8 PRL 104 (2010) 021802 Babar

τ -> μ γ 4.4 x 10-8 PRL 104 (2010) 021802 Babar

τ- -> e- e+ e- 2.7 x 10-8 Phy. Let. B 687 (2010) 139 Belle

τ- -> μ- μ+ μ- 2.1 x 10-8 Phy. Let. B 687 (2010) 139 Belle

τ- -> μ+ e- e- 1.5 x 10-8 Phy. Let. B 687 (2010) 139 Belle

Z0 -> μ e 7.5 x 10-8 Phy. Rev. D 90 (2014) 072010 Atlas (μ -> 3e : 10-12)

Z0 -> μ e 7.3 x 10-8 CMS PAS EXO-13-005 CMS

H -> τ μ 1.85 x 10-2 JHEP 11 (2015) 211 Atlas (*)

H -> τ μ 1.51 x 10-2 Phy. Let. B 749 (2015) 337 CMS

KL -> μ e 4.7 x 10-12 PRL 81 (1998) 5734 BNL

* B(H->μ e ) < O(10-8) from μ -> e γ 
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Future MEG
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Fig. 8 Expected 90% C.L. upper limit on the Branching Ratio of
µ+ → e+γ in different scenarios for a 3-year run. Calorimetery and the
photon conversion technique are compared. The lines turn from contin-
uous to dashed when the number of background events exceeds 10. The
horizontal dashed and dotted lines show the current MEG limit and the
expected MEG-II sensitivity

resolution. The photon energy resolution is degraded accord-
ingly (see Sect. 5).

In Fig. 7 we compare different designs based on the pho-
ton conversion approach. Apart from the obvious advantage
of having multiple layers, it should be noticed that a vertex
detector would be only useful at very large beam rates. We
do not consider the silicon vertex detector option because,
according to Table 8, it would not significantly improve
the expected performances. We consider instead a scenario
where the extended tracker is made of silicon detectors, with
the performances presented in [16], which could be the only
available solution if aging effects make impossible to operate
a gaseous detector.

In Fig. 8 we compare the performances of an experiment
with calorimetry with the performances of the best photon
conversion designs. We also show for comparison how the
MEG-II detector would perform at the same beam rates.
Calorimetry is definitively advantageous at low beam rate, as
expected, but there is a wide range of beam intensity where
this approach would be limited by the background, while the
photon conversion approach would not give yet a better sen-
sitivity, unless a very large detector with many conversion
layers is built.

In conclusion, a 2 × 10−15 limit seems to be within reach
with a 109 muons per second stopping rate, while a further
increase of the beam rate up to 1010 would only improve the
sensitivity by a factor of 2.

9 Conclusions

Efforts are ongoing to develop muon beam-lines with inten-
sities near 109 and possibly approaching 1010 muons per

second, to be used for a future generation of cLFV searches
in muon decays.The HiMB project at PSI aims to reach
1010 muons per second in the next decade, while the
MuSIC project at RCNP (Japan) is experimenting different
approaches to increase the muon yield per unit of power of
the primary proton beam. The FNAL project PIP-II could be
also competitive in this field.

In this paper we investigated the experimental factors that
will limit the sensitivity reach of future experiments search-
ing for the µ+ → e+γ decay with a continuous muon beam
at high intensity.

The most relevant issue is the choice of the photon detec-
tion technique between calorimetry and the reconstruction
of the e+e− pair from photon conversion in a thin layer of
high-Z material, being favored the former by the much higher
detection efficiency and the latter by the far superior resolu-
tions, along with the possibility of rejecting accidental back-
ground events by reconstructing the photon-positron vertex.

On the positron side, tracking with gaseous detectors
would ideally provide the best possible resolutions, which
would be eventually limited by the multiple Coulomb scatter-
ing experienced by the particle in the target and in the material
in front of the tracker. On the other hand, the high occupancy
in the inner part of the tracking system could severely limit
the possibility of using gaseous detectors. A significant dete-
rioration of the overall sensitivity (more than a factor 2) is
expected if a silicon tracker has to be used for this reason.

Sensitivity projections show that a 3-year run with an
accelerator delivering around 109 muons per second could
allow to reach a sensitivity of a few 10−15 (expected 90%
upper limit on the µ+ → e+γ BR), with poor perspectives
of going below 10−15 even with 1010 muons per second.
Below 5 × 108 muons per second, the calorimetric approach
needs to be used in order to reach this target. If a muon beam
rate exceeding 109 muons per second is available, the much
cheaper photon conversion option would be recommended
and would provide similar sensitivities.

The sensitivity would be eventually limited by the fluc-
tuation of the interaction of the particles with the detector
materials: this indicates that a further step forward in the
search for µ+ → e+γ would require a radical rethinking of
the experimental concept.
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