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@ Lepton Flavour Violation as a sign of physics

beyond the Standard Model ATLAS

EXPERIMENT

@ Search for Z— er and Z — ur with ATLAS //3
e

@ Searches for Lepton Flavour Violation with
the Mu3e Experiment
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Standard Model of Particle Physics
and beyond ﬁ(IT

Karlsruhe Institute of Technology

Standard Model (SM) of Particle Physics
describes all known particles and their
interactions
but it is incomplete
® gravity not included
® no explanation for dark matter/dark
energy (covers only 5% of all matter and
energy in the Universe)

a no sufficient CPV for baryon-asymmetry
LI
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Standard Model of Particle Physics

and beyond

There is a plethora of models
beyond the SM (BSM)

but only a few observational hints
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Standard Model of Particle Physics

and beyond

There is a plethora of models
beyond the SM (BSM)

but only a few observational hints

® neutrino oscillations and neutrino mass

® anomalous magnetic moment of the
muon (g—2),

a flavour anomalies, esp. b — stl, b — clv

a potentially a few more: Cabibbo angle,
high-mass Drell-Yan, X17, ..
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How to Discover BSM Physics? A“(IT

in the Laboratory

Karlsruhe Institute of Technology

Energy frontier

m direct production of ‘new’, heavy particles
@ needs higher and higher collision energy

Intensity / precision frontier

® indirect search
‘new’ particles in loop and box diagrams
heavy and/or weakly coupled
deviations from SM predictions
processes forbidden in the SM

precision
&
intensity

s s 868
coupling strength
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How to Discover BSM Physics? A“(IT

in the Laboratory

Karlsruhe Institute of Technology

Energy frontier mass

m direct production of ‘new’, heavy particles
@ needs higher and higher collision energy

Intensity / precision frontier

® indirect search
‘new’ particles in loop and box diagrams
heavy and/or weakly coupled
deviations from SM predictions
processes forbidden in the SM
Lepton Flavour Violation (LFV)

precision
&
intensity

coupling strength
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Lepton Flavour Violation A“(IT

as a sign for Physics Beyond the SM Karlrone Instituteof Technology

® Lepton flavour is accidental symmetry of the SM
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Lepton Flavour Violation A“(IT

as a sign for Physics Beyond the SM Karlrone Instituteof Technology

® Lepton flavour is accidental symmetry of the SM

m ... often violated in extensions
(ex.: SUSY, heavy neutrinos, extended gauge sectors)

5/32 September 19, 2022 A. Perrevoort: Lepton Flavour Violation ann-kathrin.perrevoort@kit.edu | KIT - ETP


ann-kathrin.perrevoort@kit.edu

Lepton Flavour Violation
as a sign for Physics Beyond the SM

a Lepton flavour is accidental symmetry of the SM

m ... often violated in extensions
(ex.: SUSY, heavy neutrinos, extended gauge sectors)

® .. as well as in nature: neutrino oscillations
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Lepton Flavour Violation ﬂ(IT

as a sign for Physics Beyond the SM Karlrone Instituteof Technology
a |epton flavour is accidental symmetry of the SM ® Lepton flavour violation (LFV) in the charged
® ... often violated in extensions lepton sector not (yet?) observed

(ex.: SUSY, heavy neutrinos, extended gauge sectors)

@ cLFV is heavily suppressed in the vSM:

® .. as well as in nature: neutrino oscillations Am2\ 2
B x = - A < 1075
u—)eee u—>eee

2
my

Hllustration: © Johan Jarnestad/The Royal Swedish Academy of Sciences
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Lepton Flavour Violation
as a sign for Physics Beyond the SM

a Lepton flavour is accidental symmetry of the SM

® ... often violated in extensions
(ex.: SUSY, heavy neutrinos, extended gauge sectors)

® .. as well as in nature: neutrino oscillations
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Lepton Flavour Violation

KIT

Karlsruhe Institute of Technology

® Lepton flavour violation (LFV) in the charged
lepton sector not (yet?) observed

@ cLFV is heavily suppressed in the vSM:
Am? 2 _
'@H—wee X ( le/VV) - %u—wee <107

@ Observation would be an unambiguous sign of
physics beyond the SM
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Lepton Flavour Violation in Z Decays ﬂ(IT
Search for Z— /7 in ATLAS Karlsruhe Institute of Technology

Search for the LFV decay Z — /7
(¢ =eorpu)

@ ATLAS experiment at the Large
Hadron Collider (LHC)

® pp collisions at /s =13 TeV

= Run 2 (2015-2018):
139 fb~1! of data recorded

= 8 billion Z decays

= LAr hadronic end-cap and
N forward calorimeters

Pixel detector \

Toroid magnets LAr electromagnetic calorimeters

‘Muon chambers Solenoid magnet | Transition radiation fracker

Semiconductor tracker
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Search for the LFV Decay Z — {7 in ATLAS AT

Objects Reconstruction Karbrahe nstitute of Technalosy

a Electrons, muons and jets reconstructed from tracks
and energy deposits in calorimeters
® Analysis usestwo tau decay modes
L éThad—visV
Thad-vis reconstructed from hadronic decay products:
1 or 3 associated charged particle tracks
® Z it — U

Tiep have no dedicated reconstruction = light leptons
Used for the first time in a ATLAS Z-LFV search

a Neutrinos not directly detected:
missing transverse momentum ET'®

1nt1nv
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Search for the LFV Decay Z — {7 in ATLAS AT

Signal and Backgrounds Karlrone Instituteof Technology

Signal Z — 41 Background

® Opposite-sign, back-to-back ¢7 (or £¢') pair " Z— 77 decays

® 7iep channel ® Decays of tt, two gauge bosons, ..

w only uses et (Z — ¢ background) e W(— {v) + jets events:
® |eading-pr {1 from Z, subleading-pr ¢2 from 7 jet— Thad.vis OF jet— £ fakes
= Neutrinos ( (Tijs) collinear with 7 ® Z — pp with g — e fakes in 7, channel
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Search for the LFV Decay Z — /7 in ATLAS ﬂ(IT

Background: i — e Fakes in 7i¢, Channel Karsuhe Insttute of Techrology

u—evv u radiates y u deposits energy in ECal

® 7 — pp decays with p — e mis-identification look signal-like
= Suppression by cut on pi™(e)/pSuster(e)
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Search for the LFV Decay Z — {7 in ATLAS AT

Fakes Estimate using the Fake Factor Method Karlruhe Institute of Technology

® Fakes from jet— Thad-vis OF jet— £ misidentification
estimated in data-driven Fake Factor (FF) Method
PRD 98(2018)092010

a Count events passing or failing a certain reconstruction
quality in the signal (SR) and fake enriched regions (FR)

® Tjep channel FR SR
a Estimate fakes for subleading-pr f2
® Pass or fail isolation criterium of {2 pass ID|NggPess NSRfakeS
® FR like SR but with same-sign eu / =F xF
a FFs binned in pr(u) vs pr(e) vs |n(e : fail fail
(1) (e) vs [n(e)] fail ID |7 Neg™ Nggf®

® 7.4 channel

m Estimate fakes for Thad.vis

m Pass or fail identification criterium

® FRs for WHjets, multi-jet, Z+jets, tt
® FFs binned in pr(7had-vis)
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Search for the LFV Decay Z — {7 in ATLAS AT

Signal-Background Discrimination: Neural Net Kerbrohe nstute of Technology

2
8 13000LATLAS

S = 13Tev, 1301
2 16000F -

10000F-ATLAS
E=13Tev, 1391

Events / 10 GeV.

® Binary neural net (NN) classifiers to discriminate signal P
and background o
® Exploit all correlations of the £ — 7 — ET'* system e
® Low-level inputs: four-momenta of £ and Thad.vis, EF™S, ﬂ """ i
boosted and rotated to remove known symmetries fv ) ’ §
® High-level inputs: mi,, Mo, Aa ) b ”(“”G“ ) ’ MWGW
® Each input variable is standardized: X = Xa_f EALAS 3“"5 _u:wr E
ool A om0l e BT

® Individual NNs trained to discriminate against dominant
backgrounds

s000f-

000

® 7, channel: Z — 77, di-boson, tt+ single-t ot S
® Tho channel: WHjets, Z— 77, Z— U 5 I“EH - ‘ERE: : .i
& Mh e s Sk
. . . .. . ERY i R 5 oo M
® Combined to a single score = fitted distribution AN st R - SRR ot |
Aale.n) Ba(u,T)
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Search for the LFV Decay Z — {7 in ATLAS AT

Signal-Background Discrimination: Neural Net Kerbrohe nstute of Technology
8 oo ATLAS | j & woof e o
S =13 Tev, 1300 S FenTeiomt ek
. orr . .. . £ 300E o SR er, £ 2000 -Lowp, SR, it »
® Binary neural net (NN) classifiers to discriminate signal I H S
and background ]
® Exploit all correlations of the £ — 7 — ET'® system
® Low-level inputs: four-momenta of ¢ and Thad.vis, ET"*, o o
. L argbbottyytons . L TR
boosted and rotated to remove known symmetries Joif T Fou! A
a High_level ianItS: minv’ mco”v Aa Combined NN output Combined NN output
R . . . N X—% § ATLAS | j §§zgg ATLAS | o
® Each input variable is standardized: % = § §
® Individual NNs trained to discriminate against dominant S s
backgrounds | ‘ 0
® 7, channel: Z — 77, di-boson, tt + single-t o 0
® 7,4 channel: WHjets, Z — 77, Z— 04 . -
N T
. . . s . Somrst SN oo i
® Combined to a single score = fitted distribution SRS O VRIS R
Combined NN output Combined NN output
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Search for the LFV Decay Z — {7 in ATLAS AT

Signal-Background Discrimination: Neural Net Kerbrohe nstute of Technology

AL Made Maant et et

ATLAS o Dan

12000[5 = 13 Tev, 13915 T
i

SR.uT 1P

Events /0,025

£ 14000 o
1 Tota uncerainty
e Zoen (8= 50"

10000}

® Binary neural net (NN) classifiers to discriminate signal
and background

8000|
5000]
4000]

® Exploit all correlations of the £ — 7 — ET'* system

2000]

® Low-level inputs: four-momenta of £ and Thad.vis, EF™S,
boosted and rotated to remove known symmetries

Data / pred.
Data / pred.

031702 03 04 05 06 07 08 09 81702 03 04 05 06 07 08 09

1 H . Combined NN output Combined NN output
® High-level inputs: miny, Meon, A ‘ e
P )
5 (5=13TeV, 130 fb' o

X=X

® Each input variable is standardized: X =

T
-z
20

SR urap

x

® Individual NNs trained to discriminate against dominant
backgrounds

Events /0.025
Events /0,025

® T, channel: Z — 77, di-boson, tt + single-t
® 7,4 channel: WHjets, Z — 77, Z— 04

Data / pred.
Data / pred.

® Combined to a single score = fitted distribution

o
82 03 04 05 06 07 08 09 82 03 04 05 06 07 08 09
Combined NN output Combined NN output
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Search for the LFV Decay Z — /7 in ATLAS

m Fitted NN distribution in each SR in both channels

@ Parameter-of-interest: signal strength modifier
(x B(Z— t71))

a Combination of full Run 2 7iep and Thag channels
+ full Run 1 Z — pmhag analysis

No statistically significant deviation from the SM
prediction observed

a Superseding LEP limits on Z — {7 by factor of 2,
for the 1°* time at the LHC

Still statistically limited

Nat.Phys. 17 (2021) 819-825
PRL 127 (2022) 271801
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Obs. (exp.) UL on %B(Z — £1) at 95% C.L.[x107°]

Final state, polarization assumption er nT

£Thag Run 1 + Run 2, unpolarized 7 8.1(8.1) 9.5 (6.1)
£Thag Run 2, left-handed 7 8.2 (8.6) 9.5(6.7)
£Thaa Run 2, right-handed 7.8 (7.6) 10 (5.8)
£7iep Run 2, unpolarized 7 7.0(8.9) 7.2(10)
£7i¢p Run 2, left-handed 7 5.9 (7.5) 5.7 (8.5)
£7iep Run 2, right-handed 7 8.4 (11) 9.8 (13)
Combined ¢7 Run 1 + Run 2, unpolarized 7 5.0 (6.0) 6.5 (5.3)
Combined ¢7 Run 2, left-handed T 45(5.7) 5.6 (5.3)
Combined ¢7 Run 2, right-handed 7 5.4 (6.2) 7.7 (5.3)
OPAL at LEP, unpolarized 7 [1] 9.8 17

DELPHI at LEP, unpolarized 7 [2] 22 12

[1] Zeit.Phys.C 67(1995)555-563
[2] Zeit.Phys.C 73(1997)243-251
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Lepton Flavour Violation

® How to reach smaller branching ratios %7
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KIT

Lepton Flavour Violation

® How to reach smaller branching ratios %7

a More statistics High intensity
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KIT

Lepton Flavour Violation

® How to reach smaller branching ratios %7

a More statistics High intensity
® Reduce systematic errors High precision
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Lepton Flavour Violation A“(IT

Karlsruhe Institute of Technology

® How to reach smaller branching ratios %7

a More statistics High intensity

® Reduce systematic errors High precision
1 1

= Background-free search Tm VS W
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Lepton Flavour Violation A“(IT

Karlsruhe Institute of Technology

® How to reach smaller branching ratios %7

a More statistics High intensity /3
® Reduce systematic errors High precision e
® Background-free search ﬁ vs. &

= Muon decays
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Lepton Flavour Violation A“(IT

With M uons - Karlsruhe Institute of Technology
gt ‘J
/ QT\\ / _, e ﬂ, A } tf
-
’” Ve \
A\

/ | ,

J
ut — ety ut — ete et W N—e N

® Monoenergetic et and v, ® |nvariant mass of a Monoenergetic e~

back-to-back ete et =m,
. Z 5e =0

a Continuous beam a Continuous beam a Pulsed beam

® Background from accidental ® Background from p — eeevv ® Background from decay in
combinations and accidental combinations orbit, antiprotons, pions,

cosmics
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Lepton Flavour Violation A“(IT

With MUOI'IS Karlsruhe Institute of Technology
&
/ s e & A
e L \
/ ! Ny
< e
J
ut — ety ut — ete et wN—e N
® Current limit: ® Current limit: a Current limit:
MEG (PSI, 2016): SINDRUM (PSlI, 1988): SINDRUM I (PSI, 2006):
B(u— ey) <42x10713 B(u — eee) < 1.0 x 10712 R (uAu — eAu) < 7 x 10713
® MEGII is running: ® Future: Mu3e (PSI) ® Future: Mu2e (Fermilab),
goal B(u — ey) <6 x 1071 DeeMe and COMET (J-PARC)
goal 2 x 1078 to 7 x 1071
+ upgrades
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Lepton Flavour Violation ﬂ(IT

Wlth M uons Karlsruhe Institute of Technology

@ Classical muon LFV searches: ® Comparison by means of effective field theories:
1= ey, p— eee, uN — eN L=%Lsw+ 5> Osdim+ 3z 2. Opdim + - - -
® Each channel has specific strengths and ® Pin down type of BSM interaction by

p=my p=my p=my
P = o S it o [= mew o
107]] == MEG@r<ia0 ) 107 107 -« MEG (Brii0 ) 107 -+ MEG (Breiio )
) — SINDRUM (Br<10°"%) Lo} — SWORUM Bri07) 100
- - Mude (Bresa0 ) - - Mude (Bresa0 )
10° H o SINDRUM Il (Br <7.10°") 10° 107 70 {107 Loz [|— smoRUM I Br<071) 107
== COMET (Brei0") / = - COMET (Br=10"")
. "
10 o 10 10 10 107 107
s eatl? s s \ 3 s o
B £ s d 10° ey | / 10°
10° P\ v 2 10° 10° i ] /0 R . 4
R ] | 1V N 10
107 st . 107 107 bifl Y » 107 ot 1
& : ] 107 - 107
\ - P )| M ]
10° 10* 10° + 10° 10% H 109
b 1 1 1 ]
207 100 07 100 100 10 207 10° 107 10° 107 10°  10° 107 10° 10° 10° 107 107 10° 10 10° 10° 10
o oot o
i L

Crivellin, Davidson, Pruna, Signer, JHEP 05 117 (2017)
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Mu3e Experiment

Mu3e is a future experiment to perform a background-free
search for the cLFV decay ™ — ete e

Under construction at Paul Scherrer Institute (PSI) in CH

Aiming for a sensitivity in 4 of

a few 107% in phase |
1071% in phase II

a Challenges
= Background suppression & high muon decay rates
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Mu3e Experiment
Signal and Background

— —+
e -

N~
\’\i

® Signal ut — ete e"
® Same vertex, coincident

® Decay at rest

® S P.=(m,,0,0,0)
® 0(B.) = 10 MeV
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N V,

® Accidental combinations of et
from u — evv with e~ or ete”
from Bhabha scattering, photon
conversion, mis-reconstruction

® Need good timing and vertexing,
low material

Lepton Flavour Violation

KIT

Karlsruhe Institute of Technology

® Background from rare decay:
B(u — eeevv) = 3.4 x 107°

a Missing momentum due to
neutrinos

@ Need excellent momentum
resolution

~~

a‘?’

N +

\ 7 &

\,/
, I

~ |

_—

I \

S \

I Y
\/\/
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Mu3e Experiment A“(IT

Track Reconstruction Karlsruhe Institute of Technology

== . ¢ ‘Pglm A
TiT=—_ ¥ Yplane
Splane <IN f \ pd
i Oplanc

i’

® Low energy et /e~ affected by multiple Coulomb scattering
u Energy loss and deflection

® Momentum resolution is dominated by scattering not pixel size

Op HMS
P 222
p Q

a 'Recover’ momentum resolution

a Consider scattering in track reconstruction
a | ow material
u Optimized geometry, i.e. large lever arm )
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Mu3e Experiment
Track Reconstruction

T A
Splane =~ —~ f \
* Oplane

i’

® Low energy et /e~ affected by multiple Coulomb scattering
u Energy loss and deflection

® Momentum resolution is dominated by scattering not pixel size

Op HMS
P 222
p Q

a 'Recover’ momentum resolution

a Consider scattering in track reconstruction
a | ow material
u Optimized geometry, i.e. large lever arm )
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Mu3e Experiment
Track Reconstruction

Tt A
Splane =~ —~ f \
* Oplane

i’

® Low energy et /e~ affected by multiple Coulomb scattering
u Energy loss and deflection

® Momentum resolution is dominated by scattering not pixel size

Op HMS
P 222
p Q

a 'Recover’ momentum resolution

a Consider scattering in track reconstruction
a | ow material
u Optimized geometry, i.e. large lever arm )
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Mu3e Experiment A“(IT

Experi mental Conce pt Karlsruhe Institute of Technology

e —
——— uBeam Target 0
=

® Muons stopped on target
— decay at rest
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Mu3e Experiment A“(IT

Experi mental Conce pt Karlsruhe Institute of Technology

————7 uBeam Target

® Muons stopped on target
— decay at rest

w Track et /e trajectories in
1T solenoidal field
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Mu3e Experiment
Experimental Concept

Inner pixel layers

————7 uBeam

® 4 layers of ultra-thin silicon
pixel sensors

® Muons stopped on target
— decay at rest

® Track e /e~ trajectories in
1T solenoidal field
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Mu3e Experiment
Experimental Concept

Inner pixel layers

e —
—————3 uBeam Target
—_—

Outer pixel layers

® Muons stopped on target ® 4 |ayers of ultra-thin silicon
— decay at rest pixel sensors

® Track e /e~ trajectories in
1T solenoidal field
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Mu3e Experiment ﬂ(IT

Experi mental Conce pt Karlsruhe Institute of Technology

Inner pixel layers

_—F
—————3 uBeam Target
—

Scintillating fibres

Outer pixel layers

® Muons stopped on target ® 4 |ayers of ultra-thin silicon
— decay at rest pixel sensors

® Track e /e~ trajectories in ® Timing with scintillating fibres
1T solenoidal field
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Mu3e Experiment ﬂ(IT

Experi mental Conce pt Karlsruhe Institute of Technology

Recurl pixel layers

Inner pixel layers

-,
—
———F pBeam Target ¢
——

Scintillating fibres

Outer pixel layers

® 4 layers of ultra-thin silicon ® Recurl-stations with pixel

® Muons stopped on target
pixel sensors sensors

— decay at rest
® Track e /e~ trajectories in ® Timing with scintillating fibres

1T solenoidal field
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Mu3e Experiment ﬂ(IT

Experi mental Conce pt Karlsruhe Institute of Technology

Recurl pixel layers
N B CITTTTITTTTTTTTITT
Scintillator tiles Inner pixel layers
_
—
—— uBeam Target ¢
E—
Scintillating fibres
T TTTTTTT] T T TITTTTTT]

Outer pixel layers

® 4 layers of ultra-thin silicon ® Recurl-stations with pixel

® Muons stopped on target
sensors and scintillating tiles

— decay at rest
® Track e /e~ trajectories in ® Timing with scintillating fibres

1T solenoidal field

pixel sensors
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Mu3e Experiment ﬂ(IT

Experi mental Conce pt Karlsruhe Institute of Technology

Recurl pixel layers

I

Scintillator tiles Inner pixel layers

—  »
—
————F uBeam Target ¢
—

Scintillating fibres

I
Outer pixel layers
® Muons stopped on target ® 4 |ayers of ultra-thin silicon ® Recurl-stations with pixel
— decay at rest pixel sensors sensors and scintillating tiles
® Track e /e~ trajectories in ® Timing with scintillating fibres a Cooling with gaseous Helium
1T solenoidal field a 120cm long, 18 cm diameter
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Mu3e Experiment
Muon Beam

a PSl is home of world’s most intense continuous muon beam
a Cyclotron produces 2.2 mA proton beam with 590 MeV
a Production of pions and muons on Carbon target
a Continuous, sub-surface pu+ with 28 MeV
10® 1/s at Compact Muon Beamline (CMB)

100 1 /s with the future High Intensity Muon
Beams (HIMB) project (2029+)
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Mu3e Experiment ﬂ(IT

Stopping Target and Magnet Kerbrohe nstute of Technology

Distribute muon stops over large surface
Reduce material traversed by decay products

Hollow, double-cone target made from Mylar

100 mm long, 38 mm diameter, 70 pm/80 pm
thick

Stopping rate of 95.5%

® Solenoid magnet with 1.0 T nominal field
(range 0.5T to 2.7T)

a Warm bore: L =2.7m, g =1.0m

® Homogeneous magnetic field: A?B <1073
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Mu3e Experiment ﬂ(IT

Pixel Detector Karlsruhe Institute of Technology

® High Voltage Monolithic Active Pixel Sensor (HV-MAPS)

a Fast charge collection in small active region

Fully integrated digital readout

@ Thinned to 50 pm
only 1.15 %o of radiation length
incl. flexprint and support
structure

m Active sensor size 2cm X 2cm
Pixel size 80 pm x 80 pm

a Currently characterising final version sensors

23/32  September 19, 2022 A. Perrevoort: Lepton Flavour Violation ann-kathrin.perrevoort@kit.edu | KIT - ETP


ann-kathrin.perrevoort@kit.edu

Mu3e Experiment ﬂ(IT

Scintillating Timing Detectors Karsrue Instiute of Technology

a 3 layer ribbons of 250 pm scintillating fibres in central detector, 30 cm long
a Scintillating tiles of size 6 mm X 6 mm x 5mm in recurl stations
@ Readout with SiPMs and custom MuTRiG ASIC
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Mu3e Experiment
Data Acquisition

a Triggerless, continuous readout of all
sub-detectors

a Filter farm sees whole detector
information for a time slice

m Track reconstruction in central
detector and vertex finding on
GPUs

m Events with u — eee candidates
are send off to mass storage

a Data reduction by a factor of 80
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Mu3e Experiment
Data Acquisition

® Triggerless, continuous readout of all
sub-detectors

a Filter farm sees whole detector
information for a time slice

® Track reconstruction in central
detector and vertex finding on
GPUs

a Events with ;1 — eee candidates
are send off to mass storage

® Data reduction by a factor of 80
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Mu3e Experiment A“(IT

Sensitivity Studies Karlsruhe Institute of Technology
T g °f
2 [ B 06 i
2. i 2t i
225 i = [ i
° I u © osf- i
a Geant4 based detector b F i
. . [ ot L R
simulation i 04l 5 !
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r 0.3~ Ry
® Reconstruction of recurling i b Y
- o r ¥ . '
tracks pays off F o2 i
® Improvement in % by up os[- i od- e
to factor 10 r s
) S I I IO I P I I S B B B
0 60 0 60
P [MeVic] [ [MeVic]
outgoing tracks only (4 hits) recurling tracks (6 and 8 hits)
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Mu3e Experiment
Sensitivity Studies

® Simulated full phase | data taking

u Sensitivities to Z in the rage of 10~
to a few 1071 at 90% CL in reach
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Mu3e Experiment
Sensitivity Studies

® Simulated full phase | data taking

® Sensitivities to % in the rage of 10~ *
to a few 107 at 90% CL in reach
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Mu3e Experiment
Sensitivity Studies

® Simulated full phase | data taking

® Sensitivities to 4 in the rage of 10~
to a few 107*° at 90% CL in reach
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Mu3e Experiment ﬂ(IT

Status Karlsruhe Institute of Technology

@ Design of custom ASICs MuPix and
MuTRIG finalized

® Integration run in 2021

a Cosmics run in 2022

® Moving into production phase
a First data expected in 2024
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Mu3e Experiment ﬂ(IT

Phase I l and H I M B Karlsruhe Institute of Technology

Recurl pixel layers

Scintillator tiles
Inner pixel layers
1 Target

uBeam

Thin timing detector

Outer pixel layers

10am

® Reach final sensitivity of 10716 with upgraded phase Il detector
a Elongated recurl station
® Target with smaller radius
® To be operated at 2 x 10° i1/s

® High-Intensity Muon Beams (HIMB) project at PSI

= New target and new capturing solenoids
= Muon rates of 10 11/s
® Planned to be operational in 2029
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Other Exotic Physics with Mu3e

Dark Photons

KIT

Karlsruhe Institute of Technology

107
@ |arge dataset of muon decays can be %

exploited in other searches
KLOE 2015

m Ex: Dark photon emitted in muon 1075
decays with prompt decay
— Resonance in ete™

Y.
Ve

107

107
10

KLOE 2013

BESIII

Mu3e: Work in progress
adapted from 1705.04265

107

! m, [Gev] 10

Lagrangian from Echenard, Essig, Zhong, JHEP 01 (2015) 113
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Other Exotic Physics with Mu3e ﬂ(IT

Famllons Karlsruhe Institute of Technology

® Search for ut — et X% decays

a Ex: Familon g_\mwHm,.zummzum.,..“?;mzm
(Goldstone boson from spontaneously broken i
flavour symmetry, Wilczek, PRL 49 (1982) § ‘ b i

1549) O ——1

S
+ | BSM
§ poreX _SM
P-ve\.’u
l -
p )

a Challenge: single-e events are not saved

Scteted frames
MDASata colection
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Other Exotic Physics with Mu3e A“(IT

Familons

Karlsruhe Institute of Technology

® Search for ut — et X0 decays
a Ex: Familon
(Goldstone boson from spontaneously broken

flavour symmetry, Wilczek, PRL 49 (1982)
1549)

(=1
&

Mu3e Phase I SIM: 2.6x10"° stops.
—t— TWIST 2014

== Mu3e online reco. (ext.calib.)
=—f—Mu3e online reco. (sim. calib.)

)
L

Branching Fraction at 90% CL
1S
[}

“
©
& 107
S SM
P-)?,\JU 1077
' - 107°E
P(g_) F Mu3e: Work in progress
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® Challenge: single-e events are not saved my [MeV]

® Histogramming on filter farm
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KIT

Summary
Thad channel Tlep and combination

ATLAS

EXPERIMENT

Observation of lepton flavour violation would be an
unambiguous sign of BSM physics

® World's strongest exclusion limits in full Run 2 ATLAS search o Py 17 (202) PRL 127 (2022) 271801
B(Z— er) <5.0x 107° at 95% CL
B(Z — pr < 6.5 x 107° at 95% CL
Mu3e TDR Mu3e at PSI
® Mu3e aims to search for the LFV decay 1 — eee //3.2 @ @

with an ultimate sensitivity of 1071°

® Opportunities for searches beyond i — eee

(u]
i

NIM A 1014 (2021) 165679 www.psi.ch/en/mu3e
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Mu3e Experiment ﬂ(IT

Signal Decay With EFTS Karlsruhe Institute of Technology
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Generated Lagrangian from Kuno, Okada, Rev.Mod.Phys. 73(2001) 151-202
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Mu3e Experiment ﬂ(IT

Signal Decay With EFTS Karlsruhe Institute of Technology

8 10 1290 6 8 10 1240° T2 4 6 8 10 L29¢
m2{MeV? mz{MeVv? m2{MeV?

Reconstructed Lagrangian from Kuno, Okada, Rev.Mod.Phys. 73 (2001) 151-202
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