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» Search for Lepton Flavour Violating (LFV)
decay p+ - ete-e+

* Heavily suppressed in the SM
- Mediated by neutrino mixing

- Enhanced by various beyond-SM theories BR _ ~(Am.2m ?)? < 10°
e Current limit (90% CL):
et et
= BRy_eee <102 gprum 1088 . < /
* Mu3e targets up to BR ~ 10-16, 4 orders of V . /\
magnitude better than the current results ot e? i——\ .

BSM Feynman Diagrams
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The Mu3e Detector (1/4) & LiVERPOOL

Recurl station: I\C/Ierafrr?;rSt:ttlon:
T racking Jayers Fgur trac?(in layers
Tile scintillator layer glay

Fibre scintillator layer
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The Mu3e Detector (2/4)

50¢ ™ Layer 3 \ ™~ Layer 3

Tracks are used for momentum measurement :Laverz

and vertex reconstruction Eof tayerl

Target
1TH
mOgen -sof MuPix Chips
€0us B fig|q
-100
' 2100 omm 100 200
Central station Recurl station

~108 Muons/s

Sean Hughes 20" May 2022 4



E&4d UNIVERSITY OF

The Mu3e Detector (3/4) & LIVERPOOL

ylar target
Outer pixel modules to 0 0
. be constructed in —
= Outer pixel layers Liverpool! Vertex detector —

Recur| Station

Centrg) Station
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The Mu3e Detector (4/4) & LIVERPOOL

Scintillating Tile detector

Scintillating Fibre detector

Recur| Station

Centrg) Station
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Mu3e Software

Two-layer tracking v LIVERPOOL

 Mu3e two-layer tracking
performance studied (Integration

run) = . .M,u.3‘? Wprlk in p.m.g'fe.ss.‘ —_ -
(]
) = —

 Fake-rate, reconstruction = L Short
efficiencies and momentum = L Int.run - _J
resolutions were estimated ——t .+ Longs 7
—_ ++++ B
*  Simulation also used in the - = ~ tong6
context of the ongoing cosmic 107 M |
run —— Integration run - - ]

10—2 1 11 1 I 11 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 11 | 1 11 1 | 11 1 1
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ase | geometry o [MeV]
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Mu3e Software
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Search for Dark Photons

et x10° Mu3e Phase | Simulation

° Signature' '<’ 31800 LI '| T 1 171 ] T 1 7 7 [ T 111 I L ] T T T T ] L I rrrr I T W
. L7 - : = - -

| AT Cer S1e00f s work 5

A’ is Dark Photon — w F UICWark ¥ progress
W f< 1400 BFg, = 5x10 5]

. Ve B .

W = L

v, 12008 = m,=30MeV 7

[ E 2l

1000 — m,=40MeV

* Redo an old study with latest version of 800:_ By, =50 MeV ]
software & an updated statistics treatment s .
o : 600 —

* Multivariate techniques were also c 3
investigated 400 E

« Limit calculated using dielectron invariant 200( E
mass distritbution e ! [,
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Search for Dark Photons

Mu3e Phase | Simulation Mu3e Phase | Simulation
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Search for Axion-Like Particles

Mu3e Phase 1 Simulation arXiv:2204.00001

e+ 5 0-3_""I""I""I""I""I'"'I""I""I""I""_

. Aez - = [ u — eee Mu3e work in progress 3

* Signature: X .- % 0.25 0 [ns] Three-long tracks _

X is ALP - ,"’ e Z§ ’ E — . — 0.01[ng] Finite axion lifetime E

* X has lifetime — displaced vertex e’ 0_155_ """"" _E

e Have estimated BR upper limits on A, : ]

for particular A, and m, 0.1 E

* Featured in public Mu3e Snowmass 0_05:_ _ " ) E

contribution . /-f” e ]

- arXiv:2204.00001 U UM SEIL L o ]
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Search for Axion-Like Particles

Mu3e Phase 1 Simulation arXiv:2204.00001 0 (Mu3e Phase 1 Simulation arXi_V:2204-00001

£ s T 3¢ °F T T . :
qc_; r Mu3e work in progress 5 % B I Mu3e work in progress
e L 10 B | | ( | | || 2.6x10" u* stops =
0.25( —— m,=40Mev,t=001ns =~  F || o I| | woeaasee
s —— m,=40MeV, 1=0.1ns g g = X - || | | II || 90% CL upper limit ]
= — o T = --- = N

u - - q e L | Aye = 3.5x10" GeV
0.2} - medomeviestns S F = :}‘[:‘I‘ l\ l |[ ) st cey =
P 1 = Lo | \"'" > || Aw=7x10"GeV -
0.151~ - i S \\j‘ || <= Aw=7.5x10"Gev ]
» . =35 _"_"“;-::"i:x: / f’ == A =82x10"GeV ]
0. 1 :I —: : ~ ____:-; . :
005 :_ _: _4 :_Exciuslon zone taken from Phys.Lett. B776 (2018) 385-390 J _:
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Mu3e Hardware < TR
Laboratory work v

* Liverpool responsible for construction
of Mu3e detector’s outer pixel layers

* Work on metrology, preparation for
module construction and cooling
studies are ongoing
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Mu3e Hardware

Cosmic run ¢J LIVERPOOL

* Had the privilege of working at PSI

* Assisted in detector setup of Cosmic run, silicon chip ladder
guality control... cosmic data taking to begin soon

* Now can we see cosmics?

- 3 0
W

TR

xw/
R =

PAUL SCHERRER INSTITUT

= : _
Vertex detector prototype I | B
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* Physics and performance:

- Undertaken studies on performance of the simulated Phase Ib Mu3e detector
* Helped update Mu3e detector geometry
- Worked on sensitivity studies regarding other physics with Mu3e

« Dark Photon sensitivity study
* ALP sensitivity study

 Hardware: /03

— Construction of tape heater modules
— Cooling studies of outer pixel layers
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