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Muon Physics in the UK

harged Lepton Flavour Violation (

* Fermilab: Mu2e
« JPARC: COMET
* PSI: Mu3e, MEG-II

* The g-2 puzzle
* Fermilab g-2 experiment
« MUonE experiment at CERN
* Theory effort

« Muon Electric Dipole Moment (LEDM)
* Fermilab g-2 experiment
 PSI uEDM Experiment
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The Muon g-2 Puzzle



Muon g-2: Testing the Standard Model

For a spin-1/2 particle: spin couples to external B-field 2 Torque in B-field Magnetic Moment
torque (precession) . B e -
Magnetic moment determined by dimensionless quantity g ﬁ x B H=4g 9 S
m
Hadronic Light-by- ‘" Hadronic Vacuum
UED clectroweak Light E Polarization
y |
1/ -
0 o
g=2 |
‘ |
da, 0.001% da, 0.2% 5a, 16% \  Oa,84%
Define:

Contributions from all SM - and beyond...?
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- See parallel talks by Ce Zhang and Lorenzo Cotrozzi
M e a S U rl n g g - 2 (Wednesday Session F)

o m—————————— ~ Magnetic field measurement
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https://doi.org/10.1103/PhysRevA.103.042208
https://doi.org/10.1088/1748-0221/17/02/P02035.
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.072002

Status of the Fermilab g-2 experiment Gy seonp oo Forenze covezs

+ Run-2/3 data consistent with Run-1and BNL o e eNL
« Factor >2 in statistical and systematic uncertainty , [
: . : : = . FNAL Run-1
« Surpassed TDR goals in statistics and systematics
 Another reduction by factor of 2 in statistical s FNAL Run-2/3
uncertainty from Run-4/5/6 —eo—+t FNAL Run-1 + 2/3
. Expect final result in 2025 e T
1 1 I 1 | l 1 I 1 1 1 1 I 1 1 | 1 I 1 1 1 1 I 1 1 l 1 I | 1
350 Last update: 10-11-2023; Total statistics = 322.1 (billions) 500 20 0 20 5 2 l 0 2 ]. . 5 22 .09 2 2 . 5
z \ Muon g-2 (FNAL) a,-10° — 1165900
3 550 /’-’-E”_'6 4003 (October 2023)
) S Detailed Report: (Feburary 2024)
_E Run-5 .5
2 2101 3005 _ _ _ _
< 2 + UKis aleading group in the experiment
§140- \ —200.;_;3 « Analysis roles: magnetic field, beam dynamics,
g \ = spin precession, muon EDM search
g 70- /_/Run_3 e _100§ . H_ardwa_re: straw t_racker anq DAQ
= et « Simulation: beamline modelling
< ol ~—Run-l 0
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.161802
https://arxiv.org/abs/2402.15410

The g-2 puzzle: comparison with SM theory

Tensions between alternative theoretical values of auSM must be resolved

- 50 discrepancy between g-2 experiment a ,®*" (2023) and Theory Initiative
SM prediction (a,*M) from 2020. However:

« Traditional SM prediction uses data-driven approach with e*e- data

* Novel analytical calculation (lattice QCD) disagrees with data-driven calculation

* Recentresult from the CMD-3 detector disagrees with other experiments aPLO from; Lattice calculations

— — " T T ' I ' ! ' T ' i ' I ' T '
e N : : < = > Aubin et al. 22 H——r—] s

i i Vo
F 3 : —e—t I . |
- - , Dgiore E?JDE Sig{r':iﬂcancg f".'j"éﬁ:y deg‘?t.ase Fermilab 1+2+3 Lehner, Meyer 20 : A '
= i i i CMD2 with an update prediction 2023
E ( i i \ 20 BMW 20+ —h— .
E . i - . SND | C 510 >
= i i i ® +—eo—+ i - | 4 | _
| —— i i KLOE comb SM: e+e- HVP World Average Mainz/CLS 19
E | = = | T.. White P 2023 . |
£l —+— | BABAR 2020) (2029) FHM 19}  —A— -
- = BES 7 — PACS 191 | 8 B
r I 1 [ i New results in tension &
-:— CLEO with WhitetPapter (2020) SM: Lattice HVP ETMC 19_ | I i
F BMW Collab.
=2 ! CMD-3 value (2020) l |
| . — s CMD3 approximated using our s RBC/UKQCD 18- ' = ' a
E i i i j i i - . : ete-
s T T T T T P el specific assumption (not using only CMD-3 R-ratiol- e |
360 365 370 375 380 385 390 0 an updated official value) data below 1 GeV
T - .
a" (06<(s<0.88GeV), 10" (75 450 185 150 195 200 205 210 Experiment- | Bw
a,x10° - 1165900 —40 —20 0 20
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https://arxiv.org/pdf/2309.12910.pdf

Space“ ke VS t|mel| ke See poster by Giorgia Cacciola (Tuesday)

I
Dispersive o : MUonE: dlgLeOctly
approach: relate a, | Mmeasure a,"™" from
to hadronic cross 1 shapeofpe > ue
section data : cross-section
Timelike [ £ (1077 GeV?) Spacelike
100 : : . . . . . - R 0 0 0.55 2,98 10.5 35.7 00
| 7 ' ' ' ' 1
=t o | .
Iy eyan | - i xrm
1f €k : E ! (1 —x). ﬁamx—_‘; <0 "
- 0.1 ( no;:x = I ::.:‘ v N B eu ——
el 0.01F (R Ly ;:3 — : °ﬂ; i L 160 GeV 8,
0.001} ek : jﬁ; 3t e
0.0001 | e I T 4
- I - Measure muon and
s [GeV] I o an g [es
« Combine data from all hadronic channels : o0z 0d 06 08 !
;
 Data from different experiments (KLOE, ' -
I  Smooth integral (no resonances
BaBAR, CMD3, ..) ! gral ( )
-~ . I  One measurement for whole term
« Resonances - difficult to integrate I
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MUonE experiment design

See parallel talk by Riccardo Pilato (Wednesday Session F)

M2 Beamline @ CERN

e H muon filter

\

M2 u beam _/ : — i chamber
160 GeV/e . 1 i
station #1 #2 #3 I #k 40 u
ECAL
//’— % 100 cm J
T ®
. 10 cm
E, = 160 GeV H
Intensity ~ 107 ut*/s
Be Si Si Si
Be (or C) target Tracking system: 3 pairs of

\ 1.5 cm thick Si strip detectors

/

Detector design requirements
: Relative position within a station must be stable at

Muon scattering angle (mrad)

>
i
[Ty

IIII|I
m

x=0.928, E =130.7 GeV

Muon beam momentum = 150 GeV

U‘ /ﬁ)

160 GeV

Electron scattering angle (mrad)

Extract a, directly from correlation
between outgoing angles for

« Material effects: control multiple scattering at 1% level - minimise material

« Uniform efficiency over full energy range, as close to 100% as possible

09/04/2024
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MUonE status and UK contribution See poster by Clement Devanne (Monday)

2023 Test Run setup

_/ 2 k E' ‘ ! \I \\
‘ﬁl \/\;m.g' ’ R Y /'

Tracking planes \— vy Y . W

CMS 2S modules T

( e ) LO\tN C-I;E SU(pCpFO)I”t - — ‘ \% d\m@\n&“‘*
' ' ‘ g(o‘{\o“ a Elastic selection criteria h_angle

Entries 1090098 |
= 0.005 T T T T T 1400

ALY

1200

- —{1000

© Test run data (elastic
events)

UK leading detector development (based on CMS 25)
Leading involvement in the Physics analysis

Major theory involvement - state-of-the-art MC generators

2-module Test Run in 2023 - analysis underway : TSI
Technical proposal to SPSC in 2024 0007002 005 004 005 005 007 006 009 0’
Aim for first physics run in 2025 with a reduced setup

Full data-taking (40 stations) planned for 2029 after LS3 - 0.3% uncertainty

200

Imperial College g vvivers v o
London & LIVERPOOL
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Muon EDM
Experiments
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Muon EDM current limits

« Charged particles might have an intrinsic electric dipole
moment (EDM) analogous to magnetic dipole moment e m p n

—

|
-
~

(MDM) - heavily suppressed in SM = 10"F
: F g
- - o e Qe E 0=F
H:—ﬁ'B-Fd'E > — 4 C _): - c - . EXP
[,u meS] d ancS 5 =
107
MDM B
« SM d, out of experimental reach (10-34 e.cm) 102 -
. d - E is CP-odd > source of CP violation in leptons E =
« Current best limit set by BNL g-2 experiment: 1.9 x10-"? e.cm ‘°mi - _

= — — — X
@ . 1—y? . c gh \c P

4
m
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2 - See parallel talk by Lucy Bailey (Wednesday Session F)
M uon E D M In t h e g = 2 exp erime nt See poster by Katie Ferraby (Tuesday)

ly Muon EDM would tilt
B - muon precession
* UK leading analysis roles on muon EDM search — plane radially (like a
5

« Tracking detectors (UK-built) = crucial for radial B-field)
analysis of vertical angle signal

p
* Improvements in tracking algorithms led by UK "
teams
* Run-1sensitivity: ~BNL limit
« Run-2/3 (3x statistics): B=-0.998, 5(t = 0)=[0, 0, 1]
« Target sensitivity (Runs 1-6): .= 0.9
T/ 08 Signal: up-down
Medium-energy e+ _ 07 oscillation in
have highest /;W{ 0.6 trajectories of
sensitivity to d, £ 0000- o5 emitted decay e*

0.4
—0.005 -

0.3

- 0.2

The University of Manchester '
~t” 0.1
0.0 0.2 0.4 0.6 0.8 1.0

09/0 4/2024 Fraction of EDM oscillation period 13




muEDM at PSI

 New experiment using novel

technique:

d,the only out-of-plane precession signal

Stage 1

* p,=28MeV/c;B=3T;E=0.3MV/m

 Demonstration of technique
« Sensitivity

 Completed prior to 2027 HIMB upgrade

Stage 2

* p, =125 MeV/c; B = 3T; E=2.0 MV/m

* Sensitivity:
 HV-MAPS positron tracker

UK contributions: DAQ, tracking, physics

analysis and correction coils

09/04/2024

The University of Manchester

Solenoid

Scintillators < =

HV-MAPS
pixel detector

SC channel — L.,

=== top scintillator

] " HV electrode
T~ e*-tracker

S 1E-18 4 o
VA 1E194 o e 5 1
1E-20 ] % 1
T
1E-21 4 o
1 ' 1 T % &
§ 18221 %
_ = 1E-23 4 ¢ 6
w & X 99
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= 05 y 5 ©
“‘L'n.*_ 2 1E-25 4 &0 04 ©
= E 126 4 & o e
0 i 1E-27 4| < electron < Lo
1 1 L @ neutron
1E-28 4 Lod
0 1 2 4 “Hg °
1E-294 | O muon &
time (s) %1 0'5 1E-30 : . ‘ ;
1980 1980 2000 2020
Year of publication
Lancaster EE g vuiversiry o

University # 2

& LIVERPOOL

d.:> The Cockcroft Institute

of Accelerator Science and Technology
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Charged Lepton
Flavour Violation



Charged Lepton Flavour Violation

LFV observed in neutral sector 2 neutrino oscillations

Mixing between never observed
CLFV suppressed in SM -

U ey (MEG, MEG-II)
u—eee  (mule) Observation of CLFV

uN - eN (COMET, mu2e) _
would be unambiguous
sign of New Physics

|deal to search for rare CLFV decays in muon sector
 clean decay modes (no SM background)
* long lifetime
* can be produced at high intensity

Y

09/04/2024 16



Current and projected limits on CLFV in muons

10° I T T
1072 T
& Best limits Projected sensitivities (90% CL)
=il -

10 e ﬁﬁ‘ poey <3.1x103MEG + MEG Il (PSI)  4x10-'* MEG Il (PSI)
g il ﬂﬁ. ] L eee < 1.0x10"'2SINDRUM (PSI) 4x10-15 mu3e | (PSI)
210 6 % 1x10-'® mu3e Il (PSI)
dl L UN > eN < 7.0x10-'3 SINDRUM II (PSI) 6x10-'7 mu2e (FNAL)

1041 ¢ 1 HAu — eAu 7x10-'5 COMET I (JPARC)
§ @ 6x10-'7 COMET Il (JPARC)

p— ey °
10" - . p—s Je \. -
UN —= eN MEG
100 & Ty SIND:JM. |
SINDRUM N R N .
AT L = e sensitivity improved by
107 MEG plan . . .
Muse Phasel O four orders of magnitude in
107 - .
the next decade
Comet/Mu2e
1940 1960 1980 2000 2020
Year

09/04/2024

17



COMET and muZ2e search for u = e conversion in the field of a nucleus

Al 27 - -
o o __WHAZN)—e +AZN)

“~.[\‘Juclear Recoil he u + A(Z,N) — Vo A(Z -1,N)

muon capture on the nucleus

1S Orbit .
Lifetime = 864ns

2 x1 03
Ee — 111/1 C — ( BE ) 1S El‘(‘(‘()il - 2 3000 — Mu2e simulation, 1.6 x 107 protons / pulse
. 3 o —
- 1 ()1 . 9() h IO \‘/ } : 2500 : [:::j proton pulse arrival at the production target
< — beam flash arrival at the stopping target (x4)
2000 — = arrival at the stopping target (x70,000)
. I W arrival at stopping target (x300)

L] S I g n a l: a e le Ct ro n 1500 :_ sossesd W decays/captures in the stopping target (x1000)
* Requirements: i

« High intensity (stop 10'®) muons soF : L

= s signal window |
° << 1 b a C kg ro u n d ev e nt . R e A ‘ \«zz'”"“—’ghﬂr R e e w--/.q;ﬁL-w-— oy
—-200 400 600 800 1000 1200 1400 1600 1800

time (ns)

Long lifetime + pulsed beam - reduce prompt backgrounds
09/04/2024 18



COMET Experiment at JPARC

Phase-I| (target 2026) Phase-lI
Wﬁﬂ%ﬂ EL*E::';,E:P"”"E M&H Pion Capture Second bend to
W I .

QR QN Section select electrons

= 1::‘,,‘*\\"" Production g .

Sy Pions Target .@@ Production
/ S arge S Pions Target
% Muans %‘

First bend for Igl Iglpiun Decay and
f— —

clean muon \ Muon Transport Section
I|'Ill=ll'| [ ]
beam =) =
=§ 'ﬁ:?% Muons Stopping
= .ﬁé_fé% Target — Electrons
£ ﬁ:ﬁ’%q et FTTTTTTTT]
]

ﬂﬂﬂﬂﬂ@

Detector
Section —— I|
L T X
: ?.3”5&5'?2?”?“%‘613“ Secton ['wwu‘wuutmﬂﬂﬂﬂﬂﬂm\y
| ——

 TDR: DOI:10.1093/ptep/ptz125
* Sensitivity: R, <107

Imperial College * 97 kW beam, 8 GeV
09/04/2024 London 19



COMET News: Phase-a data

Data-taking phase in early 2023

* First beam in the new proton beamline

* Analysis underway - successful “dress

rehearsal” ahead of Phase-l|

& [ T T ™ T T T . 0 mm

O PRELIMINARY -

o - E‘ 12 mm

S 04 [ 16 mm

Q [:|20 mm

% ([l 32mm

=

<+ 0.2

o

@

c

=

[=] 0 Ll A

O 30 40 50 60 70 80 90 100

Momentum (MeV/c)

s 6 Data e Simulation

Q [ ] Stat. Error = Target
o 1 Syst. Error Non-Target

=]

T 4 PRELIMINARY |
o

>

©

= 2- i '/E

—-~ B

-g - g \.

8 R

30 40 50 60 70 80 90 100
Momentum (MeV/c)

09/04/2024

COMET Phase -0 Beam

Variable beam-
mask system
led by UK

Variable beam-masking

system

Phase-a data
analysis

Imperial College
London

Simple beam target, no

pion capture solenoid

Phase-a &
position > =
distribution "
in the Muon *
Beam B
Monitor, in -~
coincidence _
with the 10
Range

(]

Counter

Slides from
Yoshi Uchida
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The mu2e experiment at Fermilab

Proton Beam

Production Solenoid Detector Solenoid o

Calorimeter

Tracker

Muon
Stopping Target

09/04/2024 21



The mu2e experiment at Fermilab

Proton Beam

Production Solenoid Detector Solenoid

Transport
Solenoid
completed

09/04/2024



The mu2e experiment at Fermilab

Production Solenoid

Transport
Solenoid
completed

09/04/2024

Proton Beam

Detector Solenoid

—

Calorimeter

Tracker

Muon
Stopping Target

— + ~1/day conversion-like
=N electron from cosmic u
—" : * Require 99.99% efficiency

* 15um mylar straws in
vacuum (same as g-2)
» Better than 200 keV

momentum resolution

Cosmic Ray Veto §

alorimeter —_

J * 674 undoped Csl crystals, 2 disks
* PID and track seeding
* 0.5 ns time, 10% energy, 1cm position




The mu2e experiment at Fermilab

Proton Beam

Production Solenoid Detector Solenoid o
— — + ~1/day conversion-like

ez 17ansport Solenoid W A electron from cosmic u
' * Require 99.99% efficiency

Production Target 2 Calorimeter

Stopping target monitor
(34m downstream)

First data-taking prior | muon
to PIP-Il shutdown | >topeing Target

Transport
Solenoid
completed

J * 674 undoped Csl crystals, 2

* PID and track seeding
* 0.5 ns time, 10% energy, 1cm position

* 15um mylar straws in
vacuum (same as g-2)

» Better than 200 keV

09/04/2024 ] momentum resolution

disks




Stopping target monitor (STM)

* STM determines the overall rate for normalisation (N ,;,res)
« Count characteristic y- and x-rays

« UK leads the Stopping Target Monitor (STM) detector group
* 0Org chart roles in operations and commissioning of STM

ADC Counts
in
[ ]
o]

0

=k
)
)
=

|||||||||T

=1500

at ELBE (HZDR)
200,05 "300 400 500 600 700 80O 900 1000
Time [ps]

« STM at Fermilab - ready for integration with other N B e T=56.4 US :
detectors and main DAQ Rue = __signal | ooof 3
« UK leading role in DAQ integration for full experiment Neaptures E 2023 Test Beam | -

* Successful DAQ “dry run” completed early 2024

=

Press the

System Ready? HPGe [ChO]

6 s o —
o o . e
wen . 0 SRR o
e
- 2 LaBr [Ch1)
ook . [— e =
[ .
STM Data w
JroT— au
’ vie
P ™ f
— 0 .
[— '
P .
[—— 0 .
s — r T r T
o
o o
f

R Online DQM

The University of Manchester

P24 UNIVERSITY OF

¢ LIVERPOOL
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Th e Nu 3 e ex p e rl me nt at PS I See poster by Charlie Kinsman (Tuesday)

e Current limit from SINDRUM (1986): BR < 10-2 (90% CL)
 DC proton beam produces pions on target

* Muons from pion decay - MEG and mu3e

* Muons stopped on thin mylar target

* Decay electrons tracked in ultra low-mass tracker

« Excellent time and vertex resolution required

Sensitivity target
« Phase |: 108 u/s, BR (u—>eee) < 2 x10°®
* Phase ll: BR (u—>eee) <10-

Phase-| Phase-lI
- ~-11C; cm ﬁc(p)< 100-400 keVic . "o ~40 cm ~75cm ~40 cm _::_ 10
: Recurl pu:wl layers : 7 T
: - — = - = A 1 5
S50 WL T B 198 I QAN P - Y 1 4 0] b A T S A S W i R e ) imtillati 1
: S;&:; i‘";&”ot ;;‘ : T R AR ) : : : Scintillating Tiles T
. g . = ; : . . _ £,
Erdem g I ol e Inner Pixel Layers - e Efeeltlayer (em)
— S(mHII;mng fibres d(l) <500 ps l‘ |- ~-30 cm
o 1 7’:‘ Outer pixel layers ; : V' ) .
L. = _ial subriit siaiisiiie oot tioii . : -o(x)<-25:um ek i ESUNR wes B -nou.oscaleh AT Recurl Pixel Layers Outer Pixel Layer—s
* PiE5 beamline : :
. 108 * HIMB: ~20x higher stopping rate
/s . 0%/
Phase Il vs Phase | u/s

« Longer stopping target (10 cm = 30 cm)
* Thinner, smaller vertex detector - improve pointing resolution
* Longer pixel detector modules

« Faster timing / greater bandwidth
09/04/2024 26



Mu3e Status and EXper|ment De5|gn See poster by Charlie Kinsman (Tuesday)

/5@} Mu3e Outer Pixel Detector

(Bristol, Oxford and Liverpool)
Prototype outer pixel layers have been fabricated. <

Big challenge:
* |adder size of 36cm!

» Ladders are supported by
kapton v-folds only

¥4

Interposer

18 Mupix sensors per ladder

Carbon fibre bracket

SpTA-Bond Outer Module production - Liverpool
23 10. November 2023

Phase-I: 2Y of physics data-
taking between 2025 & 2026

UK leading physics analysis
and detector development

ion: Ready for Long Start Long Shutdown Re-Start HIPA (Proton Beam & User Operation)

-% UﬂlV@fSlt Of 274 UNIVERSITY OF MU3e Phase | > —» MU3e Phase ||

" ? - S0 Beam OP 5D Beam OP sD Beam OP S0 Beam OP | Long Shutdown | Beam OP 5D Beam OF 5D Beam OP
UNIVERSITY OF LIVERPOOL ritime
| WE BRISTOL ©

(0),43(0)23
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MEG-II at PSI: news and prospects

Standard Model

BR ~1054 #
5 N7 s
" 7\ g
Y Ve
Liquid xenon photon detector

COBRA o RSS2 20000, (LXe)
superc?iucting magne :‘?\ R0

R#seaad, e

,,,,,,

Pixelated timing counter
(pTC)
Muon stopping target

Cylindrical drift chamber
Radiative decay counter (CDCH)

(RDC)

UNIVERSITY OF

LIVERPOOL

K4
&R
/
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stop
#1‘

Accumulated N

90% upper limit sensitivity

2021 limit
—— 3o discovery at 90% powear

-....MEG sensitivity (0% C.L) |
<er--MEGlimit (90% C.L.}

2023 (exp.)

Expected sensitivity with
full dataset 10-14

1 [l | ] ] 1 |

|
10 20 30 40 50 60 70 80
DAQ livetime [Weeks]

EPJC 84, 216 (2024)

15
e g -
0.35 i— Last run: 557189 (2023-11-09 08:10:39) —f B
F 20211, : 2906406 5 e
03 2022T, : 7760406 s =
o.zsi - 2023T, :9.60c+06s 4 -4z
02F =
015 -
0.1 E_ =, _E 0
0.05— — -
0?/154 R s o1No =
1 1
ay Jul ep L ov Date -
1% 10~ 13
BRg, < 3.1x10 —13f
= £ MEG - MEG Il combined 3 ~
@ 12¢ m B
e B ] -
| B _ |
10 Combined ] -
8 """ MEG II 2021 _-
----- MEG 2009-2013 ] |
6 7
4 4 -4
,,,,,,, 1 0
2 7
0=""" ] 2
E 1 1 | 1 | | I 1 | L X 10_1
0 0.5 1 15
Branching ratio
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Summary
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. : ) : : : ! ‘
Publlsh_ed Run. 2/3 result in 2023 with 0.2 ppm uncertallnty | O% &“ /%3 o
 Analysis ongoing with full run-4/5/6 dataset - target final result in K %

2025 @

* Muon EDM analysis underway - target sensitivity to d, with full
statistics d, <1x10-2% e.cm

» directly measure a,"-%to 0.3%
« Major UK involvement for hardware and analysis Many exciting

results to come
over the next 10
years

* Full experiment in 2030, target sensitivity d, < 1x10-22 e.cm

* Tight constraints on wide range of NP models

09/04/2024 30



Thank you

<@

N .
. S

2nd Liverpool Workshop on Muon Precision Physics 2023 (MPP2023)

09/04/2024



Extra Material
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Lattice QCD

Di :
* Recent lattice QCD result also in tension with theory ZPLO from: (?F%?Se EXE;J(,]F_T)AL

initiative value, agrees better with FNAL experiment

« Result being cross-checked in “intermediate window” by Aubin et al. 227 HEgg—A— I
many groups Lehner, Meyer 20+ } A | .
* Full calculation highly-anticipated BMW 20(- —— .
Mainz/CLS 19 : 4+ : .
THE INTERMEDIATE-DISTANCE WINDOW FHM 191 N ]
H. Wittig @ Lattice 2021 b staggered M twisted mass V! overlap PACS 19 : ‘ '
— ' HH Wilson HH domain wall ETMC 19 5 | )
1 ™ - RBC/UKQeD 23- 1 e ] '
0.5 T II" Lattice data FHM 231 —— 7 RBC/UKQCD 18 B F L { -
\ ETMC 221 —o— ! .
" Mainz/CLS 22+ —— . R-ratiof . }
ind b II'. ] Aubin et al. 22 —— . Experiment - | | _T_ | .
il ., | ;1?;2 zf = —40 -2 0 20
. ".\ = n SM _ expy ., 101[}
o N . . . . Lehner, Meyer 201 —— . (a‘u D )
0 0.5 1 15 2 25 3 BMW 20~ — _
t [[:11| Aubin et al. 19 = -
RBC/UKQCD 18- —— .
R-ratio =6+ | L
200 205 210
(al:!vp)id,l N 1010
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Dispersion relation ’_____R:[a_t_ig _________________________
s 2 feods ; .f 0 (s) 60 (s)
. _had,LOVP a o ds | : O-hud,}' 2)  “had,y\*

| = — —R(s)K(s)! R(s) = =

l‘a’“ 3n° [, s (5) (?)j i (5) o (s)  4ma*/(3s)

Data-driven determination of a >

P === \l
|
i 0 (s) = o° (ete” - y* - ) |
p— |
| Ohady(S) =0 (e7e Yy~ — hadrons + y)
N\ o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o /
10000} Data contains v Y(1s-6s)
resonances - difficult to wi2s) T
Hadrons 1000} Integrate Transition poim;at 1.937 GeV/

R(s)

plw

o Tan

Timelike

Inclusive data

Exclusive data

1
Vs [GeV]
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Probing NP with CLFV

Supersymmetry

iy

m ' Second Higgs Doublet

—
> — CUTTEOL AN Seeeer projected imit for WN— eN
()] currentand seses projected kmit for > €Y
t‘ current and ***e** projected imit for [—> eee
< 1 04 P~ Excluded Region (1988-2016)

irszzasszaeeess l:::::...... .......

MEG (2016)[4.20-13)
103}
SINDRUM- (1988) [1.06-12)
Limits are at 90% C.L. \
l ' | ' e lllAllJ 1 | lllllll 1 i JALllll i h | e

1072

107"

Dipole
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Contact

q = q l_’ E; . e
1 t
- q
Leptoquark Heavy Neutrinos
o d 2
LQ Ty g e
® o q . q
Heavy Z'
Anomal. Z Coupling
n ° & Wide range of
¥2Z | NP models
q . q probed
35




Mu3e at PSI

Mu3e Experiment

United Kingdom
 Bristol

Aiming for single event sensitivity (SES) requires: . Liuerpool
BR(U — eee) <2:10% (phasel) ~ 10°muons/s (PiE5 beamline) * Oxford
BR(IJ S e ee) < 1016 (phase I1) - >10° muons/s (HIMB=High Intensity Beamline) * UC London

HiMB = High intensity Muon Beamline (under study)

Mu3e phase | design

BR(M — eee) <102 (90% CL)
SINDRUM experiment (1986)

Pixel Tracker

@/ Summary & Schedule

= Pre-production of Mu3e sub-detectors has started for most systems

= In 2024, we expected the inner vertex detector and the timing system to
be completed or almost completed

= For end of 2024, we are studying the possibility of a first physics run

Scmtlllatlng at low rate without outer pixel layers at high magnetic field
Fibers - Optimisti - i
T - - ptimistically, the Mu3e phase | detector will be completed in 2025 and
Scintillating Tiles ready for data taking
A. Schoning (Heidelberg) 5 10. 1
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= Design for Mu3e phase Il at HIMB is starting now
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