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The role of the low energy precision physics
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• The Standard Model of particle physics: A great triumph of the modern physics but not the ultimate theory

• Low energy precision physics: Rare/forbidden decay searches, symmetry tests, precision measurements very sensitive tool for 
unveiling new physics and probing very high energy scale

Gravity

…

…

Gravity

Dark Matter

Matter-Antimatter 
asymmetry

Focus here on: 
• muon cLFV 
• muon (g-2/) EDM 
• muonium 



Charged lepton flavour violation search: Motivation

SM with massive neutrinos (Dirac) BSM

B(µ+ ! e+�) ⇡ 10�54 B(µ+ ! e+�)� 10�54

too small to access experimentally
an experimental evidence:  

a clear signature of New Physics NP  
(SM background FREE)

 oscillations
⌫ New particles

Bi =
�i

�tot

10-1010-2010-3010-4010-50

New PhysicsSM

Current upper limits on Bi

10-130 100
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• Neutrino oscillations: Evidence of physics Behind Standard Model (BSM). Neutral lepton flavour violation  
• Charged lepton flavour violation: NOT yet observed 
• An experimental evidence of cLFV at the current sensitivities will be a clear signature of New Physics

�Ni 6= 0 with i = 1,2,3
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Muon beams
• Dedicated beam lines for high precision and high sensitive SM test/BSM probe at the world’s highest beam 

intensities, proper (DC or pulsed) time structure, w/o polarization, optimal phase space

DC or Pulsed?
Ibeam ~ 108 - 1010  μ/s Ibeam ~ 1011  μ/s

@ PSI @ JPARC, 
FERMILAB
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PSI’s muon beams

590 MeV proton 
ring cyclotron 

1.4 MW

• PSI delivers the most intense continuous (DC) low momentum (surface) muon beam 
in the world up to few x 108  mu/s (28 MeV/c, polarised beam (Intensity Frontiers)

7MEGII / Mu3e Experimental area

4.6· 108 µ+/s 

1.4· 108 µ+/s 



The HiMB (High Intensity Muon Beam) project at PSI
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New Target Old Target• Aim: O(1010 muon/s); Surface (positive) muon beam (p = 28 MeV/c); DC beam  
• Target: alternate materials (B4C and Be2C show 10-15% gain) and/or geometry 

(up to 60% of gain: Graphite Slanted target) 
• Beam line: high capture efficiency and large phase space acceptance transport 

channel 
• Slanted target test successfully done and installed as “default” target since 2020 

• Increase surface muon rates (30-60% increase depending of the beamline) 
• Increase safety margin for “missing” target with the proton beam 

• PSI Long shut-down: 2027-28. HiMB from end of 2028 

Graphite Graphite 
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The MEGII experiment at PSI

x2 Resolution 
everywhere

New electronics:
Wavedream
~9000 
channels at 
5GSPS

Single volume 
He:iC4H10

35 ps resolution 
w/ multiple hits

Full available 
stopped beam 
intensity 
7 x 107

Better uniformity w/ 
12x12 VUV SiPM

Updated and
new Calibration 
methods
Quasi mono-
chromatic positron 
beam

x2 Beam Intensity 

Background rejection

•  Best upper limit on the BR (μ+ → e+ γ) set by the MEG experiment (4.2 10-13  @90% C.L.) 
•  Searching for μ+ → e+ γ with a sensitivity of ~ 6 10-14   
•  Five observables (Eg, Ee, teg, ϑeg, ϕeg) to identify μ+ → e+ γ events
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The MEGII experiment at work

11

• After a major upgrade, the MEGII detector started data taking in 2021

•Up to 5 x 107 stopped μ+ 

Eur. Phys. J. C84 (2024) 190



Physics Run: Data collection
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• 2021: first physics run with the full detector first result of MEGII published (Eur. Phys. J. C84 (2024) 216) 
• 2022: long and stable run in optimal conditions: discussed in this talk and published recently (Eur. Phys. J. C85 (2025) 1177) 
• 2023: largest statistics ever acquired data analysis ongoing 
• 2024: ~5 months in standby due to technical problem at PSI 
• 2025: Ongoing since beginning of July 

2021

2022

2023

2024

2025



μ+ → e+ γ Analysis Strategy
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Detector performance highlights

Significant improvement over MEG
14



Likelihood fit and result
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The 90% C.L. upper limit on the branching ratio 
on μ+ → e+ γ based on 2021+2022 data is

Eur. Phys. J. C85 (2025) 1177



Where we are aiming at…
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MEGII 2021+2022



The beryllium anomaly
• Hint for the production of a neutral, 17 MeV boson, potential mediator of a fifth force: X17 (ATOMKI collaboration)  

• Observed in the 7Li(p, e+e-)8Be reaction at 1030 keV (not at 440 keV) 
• Observed in the 3H(p,e+e-)4He and 11B(p,e+e-)12C

17

 Excess consistent with  
• Light boson mass = 16.95 MeV/c2 

• Branching ratio (X17/gamma) = 6 x 10-6

Phys. Rev. Lett. 116, 
042501

arXiv:2205.07744

Phys. Rev. C 104, 044003

Phys. Rev. D 95, 035017

Ep [MeV]

Q=17.6 MeV Q=18.1 MeV 



Collected data sample
• Pivotal run 2022: Proton beam tuning, Mechanical/integration test of the new parts, LiF and LiPON target test, Different trigger 

settings, Optimised Data Taking and Reconstruction Algorithms 
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• Physics run 2023: 4 weeks producing mainly the 17.6 MeV gamma-line 
•  Proton energy at 1080 keV 
•  Beam composition: H+ (~75%) and H2+(~25%) 
•  Thick LiPON (~7 um) 
•  Both 440 keV and 1030 keV excited simultaneously  

• Statistics: 
• ~75 M Events  
• ~500 K Events Reconstructed pairs 

• On full range of the Esum and Angular Opening angle observables:  
•  ~60% EPC (Dominant at low angle), ~40% IPC (Dominant in the signal 

region)



Results from the ML fit 
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      Best fit 

• Sample of 17.6 MeV [78.4%] and 18.1 
MeV [21.6%] 

• 10+-92 signal events at Q = 18.1 
MeV for a mX17 = 16.5 MeV, O(100) 
expected based on ATOMKI 

• 0+-68 signal event at Q = 17.6 MeV - 
for a mX17 = 16.5 MeV, O(300) 
expected based on ATOMKI/Feng et al. 

• IPC: 12.6(9)% Q = 18.1 MeV and 
45.8(13)% Q = 17.6 MeV 

• Goodness-of-fit: p-value = 10%



90% Confidence Limits
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• Systematic effects (energy scale, resolution, mass dependence, relative acceptance) are all included as nuisance parameters

R17.6. < 1.8 x 10-6    
corresponding to Nsig (17.6)  < 200        

R18.1. < 1.2 x 10-5    
corresponding to Nsig (18.1)  < 230

Afanaciev K., et al (MEG II collaboration)

Eur. Phys. J. C 85 (2025) 7, 763

• MEGII plans to continue X17 data taking during the next HIPA shutdown 2026, Exploiting further the only 1030 keV resonance 
(assuming NO conflicts with the main MEG data taking)



Axion-like particle (ALP) searches with MEGII

• The muon decay to ALP should just look like a radiative 
muon decay (RMD) 

• It features different topology from MEG decay → 3 body 
instead of 2 in the final state 

• different trigger selections to maximize signal 
acceptance 

• low photon energy cut → Eg > 10 MeV 

• no back to back topology 

• need for lower beam rate to keep the trigger under 
50 Hz 

• Use calibration data taken for a few days with low photon 
energy (>18MeV) at low beam rate (~106/sec)



Axion-like particle (ALP) searches with MEGII
• The muon decay to ALP should just look like a radiative 

muon decay (RMD) 

• It features different topology from MEG decay → 3 body 
instead of 2 in the final state 

• different trigger selections to maximize signal acceptance 

• low photon energy cut → Eg > 10 MeV 

• no back to back topology 

• need for lower beam rate to keep the trigger under 50 
Hz 

• Use calibration data taken for a few days with low photon 
energy (>18MeV) at low beam rate (~106/sec) 

• The ongoing analysis indicates that we can exceed the 
TWIST limit



The Mu3e experiment at PSI
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• The Mu3e experiment aims to search for μ+ → e+ e+ e- with a sensitivity of ~10-15   (Phase I) up to down ~10-16  (Phase II). 
Previous upper limit BR(μ+ → e+ e+ e- ) ≤ 1 x 10-12 @90 C.L. by SINDRUM experiment) 

• Observables (Ee, te, vertex) to characterize μ→ eee events
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Mu3e: Latest news and currents status

Key points:  
• First integration Run 2021 
• Inner MuPix layer 
• SciFi ribbons 
• Sub-detector services  

• Full beam line commissioning 2022 and fine tuning 2023 
• Very successful: TDR promised values matched! 

• 2.49e108 mu/s @2.4 mA (at the collimator): The highest beam rate 
in pie5 at the collimator 

• 1.02e108 mu/s @2.4 mA (Mu3e magnet): Several beam 
configurations studied, some of them connected with possible 
Mu3e magnetic field intensity optimisation  

Time line phase I (exploiting current beam-line intensity) 
• Engineering run: 2025 
• First physics run: 2026 

Phase II: It requires 109 mu/s —> HiMB 

Beam commissioning

24
2.49e108 mu/s @2.4 mA

Full analysis performed on  
Simulated data



The Engineering run: 2025
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Mu3e installation
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• Installation 
• First all services have to be installed and tested
• Vertex comes with flex connections installed which 

connect to the uTP cables
• DAQ fibre optical cables
• LV, HV, gasus helium system, etc.
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Mu3e installation
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• Installation 
• First all services have to be installed and tested
• Vertex comes with flex connections installed which 

connect to the uTP cables
• DAQ fibre optical cables
• LV, HV, gasus helium system, etc.
• Vertex detector installation
• Installation of the SciFi detector
• Installation of the Tile detector



Mu3e installation
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Mu3e installation
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Mu3e installation
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• First data 
• Beam intensity 106 mu/s



Towards the Run 2026
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Towards the Run 2026
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• Single Event Sensitivity Projections for the 
detector planed in 2026

• Surpass the SINDRUM limit in less than two 
weeks

• Still a lot of MC studies needs to be 
performed

• Detector efficiencies has to be studied



Outlook
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• Impressive progresses have been done in all MEGII, Mu3e and HiMB 

• MEGII released three major physics results (MEG data taking and X17 search) 
and a new one related to the ALPs search will be published soon 

• HiMB has been fully approved and started the work into the experimental area 
in view of the long shutdown 2027-28 

• Mu3e achieved the first important milestone of collecting some data with/out 
beam with part of the apparatus in view of a first physics data taking in 2026



Back up



HV-MAPS



Timing detectors


