
The search for Lepton-FlavourViolation with 

the Mu3e Experiment

on behalf of the Mu3e collaboration

Frederik Wauters
Johannes Gutenberg University Mainz
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• Standard Model branching ratio 5•10-55

• Mu3e aims for a single event sensitivity 

of 1•10-16 (Phase II)

of 2•10-15 (Phase I = this talk)

→ Search for new physics

→ Previous limit 1•10-12 (SINDRUM, 1988)

• Complementary to μ→eγ and μN→e in technique 
and new physics sensitivity

Loop Contact
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Signal:

Background:

CombinatorialInternal conversion

• Allowed μ→eee

• ν’s eat away E and p
• Michel decay + Bhabha

scattering (beam or decay e+)

• Michel decay + …

• Misreconstructed tracks

• …

•  𝐸 = 𝑚𝜇

•   𝒑 = 0
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The Mu3e detector concept
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Detector design

• DC beam

• Good timing resolution

• Low material budget detector

• Good vertex reconstruction

• Good momentum resolution

Recurl tracker with good vertex resolution and

excellent momentum resolution over a large

energy range

• As thin as possible 

pixel detector

• Still Multiple 

Scattering dominated

e+/- track

μ decay at rest
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Getting our muons
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HIPA and μ hall
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Front of πE5 area
• High μ+ rate
• Limited space available
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Front of πE5 area
• High μ+ rate
• Limited space available
• 1•108 μ/s

Designing an experiment

Building an experiment
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Cone shaped thin target

→ well defined vertices, 

spread out in z

~108 μ/s from the

πE5 beamline at PSI
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2 x double layer of Si pixel detectors

Each layer is < 0.1 % of a radiation length
1 T magnetic field

1
7
 cm
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Scintillating fibers as a thin, fast timing detector
1 T magnetic field

1
7
 cm
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Scintillating tiles yield optimal

timing resolution

Timing detectors 

reduce track multiplicity 

and allow for charge ID

Recurl stations optimize 
momentum resolution, minimizing 
sensitivity to multiple scattering 
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What Mu3e can do according to the Monte Carlo
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Mu3e Pixel detector:

• High Voltage Monolithic Active Pixel Sensors (HV-MAPS)

• Fast charge collection with HV ≈ -85V

• Readout and logic on chip

• analogue part in pixel

• digital part in periphery

• Thinned to 50 µm

• Pixel size: 80 x 80 µm

• 2 x 2 cm chip

• 1.25 Gb/s LVDS readout I. Peric et al., NIMA 731, 131 (2008)
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Mu3e Pixel detector:
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MuPix Sensors

2

3

4

6 Mupix 7:
• 3x3 mm

• 50 μm

• > 99% eff

• all features

of final sensor

arXiv:1803.01581 

Mupix 8:
• 19x10 mm

• 20→80 Ωcm
• final design

decisions

F
u
ll size
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Mu3e Pixel detector:

• High Voltage Monolithic Active Pixel Sensors (HV-MAPS)

• Fast charge collection with HV ≈ -85V

• Readout and logic on chip

• analogue part in pixel

• digital part in periphery

• Thinned to 50 µm

• Pixel size: 80 x 80 µm

• 2 x 2 cm chip

• 1.25 Gb/s LVDS readout I. Peric et al., NIMA 731, 131 (2008)

MuPix Sensors

2

3

4

6 Mupix 7:
• 3x3 mm

• 50 μm

• > 99% eff

• all features

of final sensor

arXiv:1803.01581 

Mupix 8:
• 19x10 mm

• final design

decesions

→  2x2 demonstrator

Telescope test-beam campaigns 

• (sub-pixel) efficiency

• optimizing settings

• timing measurements

• rate scans

• irradiation

• …

arXiv:1803.01581

pixel
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2x2 cm          Pixel tracker

MuPix chip

(almost)

~ 0.1 % radiation length total

 50 μm sensor

 glue to Al/Kapton flat cable (HDI)

for all electrical connections

 Kapton support structure with ducts 

for He cooling 

250-400 mW/cm2

→ He gas cooling gluing jig

mechanical design → prototypes



Timing detectors
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TilesFibres
• Excellent timing

• 350 ps < 500 ps (fibres)

• 70 ps < 100 ps (tiles)

• Fibres: thin → light yield → 
single photon threshold

• SiPM + custom readout chip 

MuTrig ( JINST 12 C01043 

(2017)  )

• 1.25 Gb/s serial readout



Readout
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3 layers of FPGA’s handling 

the data

GPU filter farm for event 

selection
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1.25 Gb/s differential serial data (LVDS )

Zero suppressed continuous readout
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Frontend Board:

• ArriaV FPGA

• 6 to 36 LVDS inputs

• Sorting data

• 1 x 6.25 Gb/s optical link out (Firefly)
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Switching Board:

• Aria10 FPGA

• PCIe board developed by LHCb

JINST C04018 (2015)

• 48 full duplex optical links 

• Transform subdetector slices 

(space) to time-slices of the full 

detector 

• 4 x 10 Gb/s out to filter farm



Readout
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Filter farm:

• 100 Gb/s → < 100 MB/s

• Arria10 FPGA on commercial PCIe board   

+    ≥ GTX 1080 GPU

• Process 20 106 (50 ns) time slices per 

second
1. Track fitting (“Triplet Fit” 

arXiv:1606.04990 )

2. Vertex fit

3. Histogram data

4. Send selected times slices off for 

permanent storage

• 2 106 slices per second nominal rate 

demonstrated → 12 PC’s

PhD D. Vom Bruch
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Heidelberg + Mainz:

Vertical slice of 

the readout



So what‘s next

Integration meeting 2018
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Detector production 

tools on the way Magnet arrives 

within 1 year

Full mechanical design

Area and services 

at PSI are under 

construction

MuPix10:

First 2x2 cm 

→ demonstrator 

ladders/modules

Build a vertical slice of the detector

• fibres

• tiles

• pixels

and the entire readout

Build full thermo-

mechanical mockup
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Do 𝜇+ → 𝑒+𝑒+𝑒− to B.R. 10-15

• early 2020’s

• 300 days of beam time

Phase 2: 𝜇+ → 𝑒+𝑒+𝑒− to B.R. 10-16

• Need 109 μ/s , needs HiMB! (→ A. Papa on Friday)
• Detector upgrade

+ beyond 𝜇+ → 𝑒+𝑒+𝑒−

𝜇+ → 𝑒+𝑋
𝐷𝑎𝑟𝑘 𝑝ℎ𝑜𝑡𝑜𝑛

𝜇+ → 𝑒+𝛾

PhD Thesis A. Perrevoort
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Pixel:

Digital part:
periphery
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Material
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