Mu3e, MEG II, MEG I

Mark Wong
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experimental hall

« World's most intense continuous muon beam 2x108 y+/sec
« Low momentum muons ~28 MeV/c
« PiE5 beamline shared between MEGII and Mu3e

v.
590 MeV cyclotron, proton beam
24 mA, 1.4 MW World record (2011)
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Motivation

Charged lepton flavour violation (cLFV) not yet observed and not forbidden.

Heavily suppressed in the Standard Model with neutrino mixing O(10°%).

Indirect detection of cLFV (New Physics) at current sensitivities is a clear signal for New Physics.
Use muons to probe because of:

a. Availability of intense muon beams (108 p/s)
b. Comparatively clean signal: long lifetime (2.2 us), simple decay channels.

SM with massive neutrinos (Dirac) BSM

B(ut —ety) > 107
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an experimental evidence:

too small to access experimentally a clear signature of New Physics NP
(SM background FREE)
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Mu3e/MEG shared beamline
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Detector for commissioning 2026

Recurl pixel layers
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Outer pixel layers 4
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64 256 ns time chunks, 128 ns overlap
8 million chunks/sec in GPU farm
Tracking eff = 0.86

Vertex selection eff = 0.92




Support structure
with power/data
cables and cooling
ducts for connecting
the Layer 3 tracker
in May, everything
set for module
installation this
summer.

Data cable tooling
by Matt B.

~ . .
~ Connections to outer pixel layer 3 9




Module production

MuPix ladders for Layer 3 produced in

Oxford, some of them in Liverpool now.
i~ | falls B

MuPix modules assembled by Matt B.
Many unforeseen challenges to connect
the module to the frontend board.



Module QC

MuPix11 module
quality checks.

First installation of
L3 outer modules
by end of June
2026 in PSI

Module QC HYT221
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WaveDREAM

MEG II proposal 2013 : - waveform digitizer
Detector R&D 2012-2015 o x
Construction in 2015-2020

Commissioning and physics run 2021-




UK MEGIT team
Liverpool staff:
Fedor Ignatov
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Liquid xenon detector

COBRA [orees - (LXe) oe/E~2%
superc?ucting magne 3

1.3-05T Geometrical acceptance 11%

DC u beam
3-5x107 p/s
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¥ Search for e+ and y correlated
by time, direction, energy

X Best resolutions are required
to narrow signal region

¥ Continuous y beam is mandatory

Pixelated timing counter
(pTC)o+~35ps

Muon stopping target

Cylindrical drift chamber
Radiative decay counter (CDCH) ~1.6x10-*Xo, 0. ~90keV
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MEG Il result 2021+2022 runs Eur.Phys.J.C 85 (2025) 10, 1177

MEG I 2002 2013 x2 more statistics MEG IT 2021+2022
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2021 data: Eur.Phys.J.C 84 (2024) 3, 216

2021+2022: Eur.Phys.J.C 85 (2025) 10, 1177
2023+2024 statistics x2.5 in total unpublished

MEG IT goal Br(uy—ey)<0.5 x 1013
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Future y—ey experiment
MEG Il



Presented at Open CHRISP PSI Users Meeting BVR57, 4 Feb.2026
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Not a continuation of MEG IT,
but a new effort in strong synergy with Mu3e
and open to external contributions



Detector concept

HIMB p beam
5x107 = 10% p/s

Muon stopping

I active targets

Tracker: from Mu3e
Monolithic silicon pixels (HV-MAPS)

high-rate tolerance @B Momentum @ Tracking
grea . oo : measurement *layer
low material budget,
high granulari e Converter ¢
ghg Ty ¥ layer 3
High Voltage-Monolithic Active Pixel Sensor R 2’ W p— \,:' ......... :
(HV-MAPS) i Energy loss ! ¢ Timing :
transistor logic embedded in N-well : S SUSon ; : e ;
(‘smart diode array’) e . e MEGII baseline:
Scintillating tiles + SiPM
Energy resolution: 1 MeV — 0.2 MeV with reduced size
On price of efficiency 60% —> 10% Time resolution ~ 30ps
IPeric, P. Fischer et al., NIM A 582 (2(')1')"71)'%;6 Time resolution ~ 30ps

Momentum resolution ~ 100 keV 17



Schedule
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Phase-0 (proof-of-concept): a beam test with small photon conversion detector prototype
Phase-1: at 2x108 u/s, reusing some MEG II hardware: COBRA magnet, drift chamber

1 or 2 photon conversion layers
Phase-2: at > 10° y/s, Silicon positron tracker, multiple conversion layers

Sensitivity: 6x10-4 (MEG2) — (2 - 3)x10°15
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