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The Goal of the Mu3e Experiment
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Current best limit on ‘ ᴼὩὩὩ

"2□▄╪▼< (SINDRUM 1988)

The Mu3e experiment 
aims to find or exclude 

the lepton flavor violating 
decay Ⱨ ᴼ▄▄▄

at branching fractions 
above

TDR available here

https://doi.org/10.1016/j.nima.2021.165679
https://doi.org/10.1016/j.nima.2021.165679


The Experimental Concept
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Inside 1 T magnetic field

The Detector Concept
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The Detector Requirements

o Precise invariant mass measurement

üMomentum resolution „ ρȢπ-Å6ȾÃ

o Stopped muons Ƃ Low energy electrons

üUltra thin pixel detector ρϸ╧ per layer

o High muon rates

üHigh rate capabilities and good timing

„ ὴὭὼὩὰίςπÎÓ „ ὪὭὦὶὩρȢπÎÓ „ ὸὭὰὩίρππÐÓ
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Performance Study
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Expected Sensitivity Mu3e Phase I
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Experimental Infrastructure
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Commissioned CMBL in place @ PSI

Muon Beam @ PSI

o Most intense DC muon beam 

available at Paul -Scherrer -Institut 

o Phase I: ρπίײַ

o Compact Muon Beamline

o Single event sensitivity goal: ַײρπ

o Phase II: ַײρπί

o High Intensity Muon Beamline (2028)

o Sensitivity goal: ρπײַ
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Expected beam spot profile at the Mu3e 

target position



The Mu3e Solenoid

o Produced by Cryogenic Ltd. and 

delivered to PSI in July 2020

o Nominal magnetic field for experiment 

1.0 Tesla (range 0.5 ð2.7 Tesla)

o Very homogeneous magnetic field

Ўὄ

ὄ
ρπ
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The Pixel Tracking Detector
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The Mu3e Pixel Sensors ðMuPix
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o High-Voltage Monolithic Active Pixel Sensors

o Produced in 180 nm HV-CMOS technology

o Fast charge collection via drift

o Fully integrated digital readout

o Can be thinned to 50ʈÍͯ0.5Ą ὢ

Mu3e requirements

Efficiency Ó 99 %

Noise rate Ò 20 Hz / pixel

Time resolution Ò 20 ns

Power consumption Ò 350 mW / ÃÍ

2
0

 m
m

10 mm

MuPix 10

I.Periļ, NIM A 582 (2007) 876



The Mu3e Pixel Sensors ðMuPix
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o MuPix10 thinned to 50ʈÍ fulfills specifications

o Efficiency and time resolution (~10 ns) 

measured at test beam at DESY

o MuPix11 will be the final chip for Phase I

o Improved powering scheme

o Readout and slow control fix

o New pixel routing scheme

o Increased coupling capacitance to comparator

o Expected to arrive this summer



The Vertex Detector
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V-channels for

mechanical support

(outer layers only)

Aluminium -Kapton

High Density Interconnect

ͯ0.5Ą ὢ



Pixel Detector Cooling with Helium

o Cooling of sensors required (max surface 
power density τππÍ7ȾÃÍ)

o As little material as possible

o Gaseous Helium : low density, 
reasonable cooling capabilities

o Miniature turbo compressors specifically
designed to be operated with helium

o Helium circuit optimized for minimized
pressure drops

ICHEP 2022 Sebastian Dittmeier - Heidelberg University 15

https://arxiv.org/pdf/2106.03534.pdf


Prototype Vertex Detector

o Simplified PCB-based demonstrator
o Full-scale MuPix10 chips wire bonded

o PCB ladders instead of HDI

o Manual placement of chips
with precision of 5 µm

o Simplified helium distribution

o Full detector operated successfully
o ~ 100 W heat load cooled with

2 g/s helium gas cooling
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Outer Pixel Layers

o Production procedure with
robotic gantry and robotic glue
dispensor has been developed

o Mock -up ladders with
18 chips and HDIs have been
produced
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Tap-bonding

18 Si heater chips aligned ~ 6 µm

Final ladder



Pixel Detector Status for Phase I

o Production chains developed for
inner and outer pixel layers

o MuPix11 Q/A single chip needle socket
test stand developed

o MuPix11 module pre -production
starts autumn 2022

o Full production starts beginning of 2023

o On detector services are being finalized
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The Timing Detectors
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Common Readout ASIC ðMuTRiG

o Both timing detectors use 
silicon photomultipliers 

o Custom designed SiPM 
readout ASIC: MuTRiG

o 32-channels

o 50 ps Time-to-digital converter

o Version 3 has been submitted in 
May 2022

o Higher thresholds

o Reduction of IOs

o Triple redundant config register
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Fibre Detector 

o 12 fibre ribbons 
o 30 cm long

o 3 staggered layers of ςυπʈÍthin fibres

o Material budget 2Ą ὢ

o 128 channel Hamamatsu S13552 -HRQ
SiPMcolumn arrays

o Measured time resolution ~ 250 ps
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Fibre ribbon prototype

SiPM column array

Example time resolution measured with
4-layer prototype ~ 200 ps



Fibre Detector Status

o Finalizing mechanical design including
liquid cooling system (~ -20°C)

o Readout tested succesfully with MuTRiG v2

o On -detector SciFireadout boards
for Phase I are being finalized

o Prototype ribbons have been
operated @ PSI

o DAQ integration ongoing
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Tile Detector

o Scintillating tiles ~ 5 × 5 × 5 ÍÍ

o Hamamatsu MPPC S13360 -3050VE

o ~ 6000 channels

o Up to 60 kHz/channel

o Measured time resolution < 50 ps
(single channel )
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128 mm



Tile Detector Status
o 2021: study impact of irradiation damage

o For tiles closest to target
@ ~ expected dose of Phase I: 
increase of dark count rate (DCR) by O(1000) 

o Intrinsic time resolution measured after irradiation

o Production of final demonstrator modules

o Matrices for 2 demonstrator modules
assembled and characterized

o Q/A test stands for SiPMparameters /Light yield in place

o Readout electronics

o Second version of module board is fully functional

o Integration in Mu3e DAQ system ongoing

o Assembly of final detector components
about to be started
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Time resolution after irradiation

Preproduction readout boards

Characterization of sensor matrices
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Data Acquisition
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