Mu3e Experiment

MUON DECAY BEYOND THE STANDARD MODEL

A. Loreti on behalf of mu3e @Liverpool



Mu3e Collaboration Overview
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+* The most intense continuous muon
beam in the word 10E8 muon/sec.

s Upgrade of the beamline will increase
beam to 10E10 (2028).

+* Rich muon physics research program.



CHARGED LEPTON FLAVOUR VIOLATION

W BR(ut - et +y) ~0(m,/my,)*~ 104

. -— i Neutrino oscillations have been measured by

e long-beam line experiments, e.g., solar
neutrinos or KEK. However, oscillations at
weak interaction scales (10-1°m) are practically
zero.

process involving muons
and neutrino oscillations.

BR(ut - et +y) ~0(m,/my,)*~ 10>* This is beyond the reach of current experiments!!

There are theories Beyond the Standard Model (BSM) that predict lower values for CLFV processes
like Mu3e. Any observation of CLFV would mean new physics BSM.
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Mu3e EXPERIMENT

Muons experiments have proved to be the most sensitive among all the experiments on CLFV
conducted so far. Also, they have long lifetime, few SM background decays, easily available.
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Current limits set by muon experiments:

C.L.90% - BR(ut— ety) < 4.2x10°3 MEG Il
C.L.90% - BR( u* » e*ete™) < 1X102SINDRUM
C.L.90% - BR( u~ Au » e~ Au) < 7X1023SINDRUM

Mu3e goals:
BR(ut— etete™)<2x10?** (10%u/s phasel)
BR(ut - etete™)<x101® (10°u/s phase Il)
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Mu3e design

Mu3e signal is tiny and the SM background huge. In its quest Mu3e needs:

* High muon rate provided by the continuous muon source at PSI 108 muon /sec.
 Excellent momentum resolution, 1MeV.

e Excellent vertex and timing resolution to suppress combinatorial background.
Mu3e detection system:

e Ultra-light silicon pixel tracker for vertexing.

* Two timing detectors: scintillating fibres (250ps) and scintillating tiles (100ps) for charge
reconstruction and background discrimination for asynchronous decays.
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Mu3e detector design
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Ladder
Layer 1 2 3 4
number of modules 2 2 6 7
number of ladders 8 10 24 28 ..l Module
number of MuPx sensors per ladder 6 6 17 18
instrumented length [mm] 124.7 124.7 351.9 372.6
minimum radius [mm] 23.3 29.8 73.9 86.3

Layer

May 2023 A. Loreti @Liverpool



Mu3e pixel detector design

Mu3e low-material budget detector i.e., thickness X/Xo ~0.115%per layer.

TOP High-Voltage Monolithic Active Pixel Sensors MuPix
glue (~2-3um) . 0
BOTTOM 50um thickness (or 0.054%X,).
MuPix The High-Density Interconnect
chip Flex tape made of 2X14 um Al layers.

» Mechanics: the support of our detector ladder is a HDI flex thinner than a human hair.

» Electronics: high-density of traces in the HDI flex circuit (data lines, power, bias, for 18 chips).
» HDI-production: long fragile HDI flex, shrinking of the material, layers misalignment.

» Tooling: proper tooling for handling flex tapes and chips.
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Mu3e pixel detector inner layers

This is the inner tracker detector in Mu3e. There are two
layers made of 18 (8+10) ladders containing 6 chips each.

In this early prototype, the layers were not built on HDI
flexes. Instead, PCBs were designed together with bus
lines (white cables) and connectors.
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Mu3e pixel detector outer layers
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Mu3e at Liverpool

* We are responsible for the construction of the outer layers of the pixel detector, together with
Oxford

* We are going to assemble the outer modules of the pixel detector.
* We are going to perform the quality control tests of the detector modules

* We are also working on software and analysis studies to characterise the track and vertex
reconstruction efficiency.

People in Liverpool: Prof. Vossebeld Joost, Dr Hayward Helen, Dr Rompotis, Nikolaos, Dr Chavez
Barajas Carlos, Dr Loreti Andrea, Dr Beltrame Paolo, PhD students Hughes Sean and Kinsman,
Charles, engineer Brown Matthew.

FOR MORE INFO:
https://www.physi.uni-heidelberg.de/Forschung/he/mu3e/
https://www.psi.ch/en/mu3e/
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Mu3e pixel detector construction L3,4
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Mu3e Background
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CHARGED LEPTON FLAVOUR VIOLATION

W BR(ut - et +y) ~0(m,/my,)*~ 104

. -— i Neutrino oscillations have been measured by

e long-beam line experiments, e.g., solar
neutrinos or KEK. However, oscillations at
weak interaction scales (10-1°m) are practically
zero.

process involving muons
and neutrino oscillations.

BR(ut - et +y) ~0(m,/my,)*~ 10>* This is beyond the reach of current experiments!!

There are theories Beyond the Standard Model (BSM) that predict lower values for CLFV processes
like Mu3e. Any observation of CLFV would mean new physics BSM.
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