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Introduction

-+ Elementary particle physics . [ J SM completed by a more
Looking for new physics beyond the — ‘\A,\ undamentattheory
standard model to explain unsolved > ﬁf P S B [ Lrc j
problems | NN I - D

Highest energy accelerator A (~TeV) where new particles¢ 5\1;fective field theory
appear eak scale operators

Direct production of heavy new new particles are —

p
particles >WZ< ><< integrated out Lot + Z (\;n (),fl‘“
\.

No indication from LHC yet, HL- d>5

J
LHC, FCC-ee and -hh, ILC, CEPC, . _ )
W, Z are
’ - ‘ D
CLIC, integrated out Lo + Z S0,
Low energy (high intensity) accelerator ><< >O<,i «—> ~ A
- Can play important roles i __*£aecp + Lokp
Indirect production (virtual state) of = A+ (-Gev) quarks, gluons are | Norperuatie
even heavier new particles o free or bound hadrons ™~
- — . N....
Intense sources and ultra-sensitive % mn,p, ... [ o ]

detectors are necessary

arXiv:1304.0017



TeV
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Reach Iin new physics scale

f \
European Strategy

Mesons Mesons

Bounds on Ci (=1/Al.2)
of dimension-six operators

ULFV

N‘w
N

(IN

TLFV EDMs

Physics Briefing Book,
arXiv: 2511.03883
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Low energy (high
intensity) experiments
can reach even higher
new physics scale than
highest energy

experiments

Small-scale experiments

Rare processes and
precision measurements

EDMs, Muon LFV, rare
pion decay

Mid-, Large-scale
K, B mesons, T lepton

Anomalies
gu-2, LFU etc.



spin spin

Electric Dipole Moments N

T
1O =
- A finite EDM indicates an asymmetry of the charge =bM T EDM

distribution relative to the spin direction reversa
If it exists, EDM violates T symmetry, and thus CP symmetry under the CPT

Standard model ! BSM
(4-loops) ¢ Only 1 loop

EDM iIs a background-
free probe to the BSM

eL Z({L o * Any new CPV would be

] ] a significant discovery
. V ! to explain for matter
d;" ~ 58 x 107 e cm d; ~ 107 e cm 2 universe
PRL 125, 241802(2020) JHEP 05 (2019) 059
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EDM measurements Physics Briefing Book,

arXiv: 2511.03883

PRESENT BEST MEASUREMENT 2025 2030 2035
MEDM d, = (0.04+0.9) X107 e cm 2x10"%% e cm 4x107%! e cm 6 X 10723 e cm
nEDM d,=(00+1.1)x10"26ecm 2%x107%” ecm 5x10°%% ecm next nEDM

proton EDM 1 x10%° ecm

Had EDMs 6 ~(0+1)x107" current Hg, TIF, Xe, Yb 6 ~ 10~'1 radioactive atoms/molecules 6 ~ 1012

eEDM d,=(-1+2)x1073%¢ cm 1x10 3 ecm 1x10 3% ecm

Current experimental limit: d, = (0.0 £ 1.1) X 1072 e cm, d,=(—1x2)X 107" e cm
= test NP at mass scales above 10TeV ~ 106 TeV

Hadron EDM and lepton EDM searches are complementary
Different new physics can be tested
Hadron EDMs also provide direct information on the QCD CPV parameter 0

5



Charged lepton flavor violation (cLFV)

One of the most powerful probes to search for New Physics (NP)

The conservation of the lepton flavor is an accidental symmetry in SM
arising from the absence of right-handed neutrinos

This symmetry is typically lost in NP models
lepton flavor violation is commonly predicted at the level of the current experimental sensitivities

Discovery of neutrino oscillations demonstrated this symmetry is not exact

it is not sufficient to give observable cLFV effects
Their existence further stimulates the search for cLFV



Charged lepton flavor violation
In Standard model (with  mass) vs New physics

Charged lepton flavor transition has never been observed yet

> :
! II}“_,-.__([?
/, b
’
” N\
s \
’ N\

W
> S —> > »—e *—»>
2 Vu Ve

5 H \»(.,) (

['(p — ev) 3o UﬂkUekmuk
BR(u — evy) ~ — = —
= e7) I(p —evv) 327 k;g Mgy New particles from SUSY in the loop can
o enhance the branching ratio 10-12 — 10-14
~ 107
SUSY-GUT / SUSY-seesaw

Neutrino is too light

Evidence of 4™ — e™y = Evidence of new physics

v



New physics models

L r(u—ey) : R(p-Al—e-Al) : Br(n—3e)
—%—»—
= 1 ; 1/170 - 1/390
SUSY-GUT, SUSY-seesaw
Tree | | e e
“. u ———————————

4-lepton:
Scalar: RPV SUSY Vector: Leptoquarks, ... Type || seesa\F/)v RPV SUSY

3 LRSM, ...



Current running experiment

MEG II experiment @ PSI in Switzerland MEG Il expected sensitivity

Liquid xenon detector = B e
)
COBRA (LXe) K
superconducting magnet OE~27, Ox~2MM, Or~B5ps 12 -
P 9 9 @52.8 MeV vy éﬂl() — @ MEG II 2021 sensitivity .
1927 -05T R~ ~ ®\WMEG 11 2021 90% UL _
' ' T d ..S 5 MEG final sensitivity (90% C.L.) -
3 4 —5%10"uss = T .
- / i MEG final 90% UL
TN Cx,y~1 1 mm m B ]
| This analysis (sensitivity) |
® This analysis (90% UL)
13 2023 expected
10 2024 —
E 2025 projected2 026 E
Pixelated timing counter
(pTC) Ot~35ps 10—14 | | | | | | | | | | | | | | | | |
0 20 40 60 30

Muon stopping target
. . . 170pm-thick scintillating film
Cylindrical drift chamber

Radiative decay counter (CDCH) oe~90keV, ce~6mrad = test NP at mass scales above ~104 TeV
(RDC) 9

DAQ livetime [weeks]



Experiments about to begin

- Mu3e phase |, Mu2e-I, COMET:
finalizing the detector construction

COMET Phase-l :
2026— @ J-PARC

Pion Capture Section

A seclion lo caplure pions wilh & ‘arge
salid angle under a high salenoidal
magnetic feld by superconducting

:\5\ maget
| S—
—
L S|
L s
—
= Detector Section
= = A deleclor lo search for
« » muon-io-electron conver-
i}} MUors SiON Processes.
\—
:‘_"1. ~ Stopping N\ AN\
= o
2 K 5 Target N
S\ > R
Gy — i —
c bl LETV TG .
ST T R SO0, O =
\

Pion-Decay anc
Muon-Transpori Section
A section to collect muons from [ \ARAARAAAARA

decay of pions under a solenoi-
dal magnetic field.

LR

Em

Mu3e-l @ PSI: 2026, 2029-

Recurl pixel layers /

N ‘

§ H Beam Target ¢
4
I ¢'tiating fibres MITITITITIIITIIIITITITITIII ]

hY 4
\/ Outer pixel layers

o2 Mu2e @FermiLAB: Run 1 2026
of Run 2 2029-2033

G s

collimator 50T

N\
\\\\\\\\\
-

C—
-

\\\\\

detector
solenoid

Exciting results will be available in 2030s

production
solenoid

fransport
solenoid
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UT o ey, uT > eTe e, & U > e”

- Golden channels

High intensity muon beam
Clean signature

+ Synergy to look for
these decay modes at

the same time

Maximize the discovery
potential to different new
physics model

Pin down the new physics
model with independent
branching ratio values after
the discovery

[Limit

I
10!

10-3
10-
10-7
102
10-11
10-13
10-15
10-17

10-19

History of u — ey, uN — eN, and u — 3e

J-PARC/FNAL: 10%0- 10" /s —  Mu2e
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- v MEGII A/l
:_ Experiments OMu3e| phase |
e performed at PSI o
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High intensity muon beam line @ PSI

- Shutdown of about two years from 2027

- New target geometry, 4 times capture efficiency, 6 times
transport efficiency, resulting in > 101%u/s (5x108u/s now)
available from late 2028

- Beam spot 0~40mm



Future u™ — e™y

arXiv:2504.18831

Sensitivity of 4 — ey searches is limited by the background from accidental coincidences

Background scales with the square of the stopping muon rate, improvement in the
detector resolutions inevitable to exploit beam rates up to 102-1010 y/s

Large acceptance to gain the statistics while beam intensity is kept as low as possible

R&D of new detector concept (resolutions, efficiency, rate capability) is underway
Based on photon pair spectrometer with active converter, Silicon detector (like Mu3e) for positron, larger acceptance

n* beam

—\

Muon stoppmg

| |\ \ \\
activetargets v\
Actlve convert | :
E) airgs spectrometer, ‘
5

super-layers)


https://arxiv.org/abs/2504.18831

Sensitivity for future u™ — e™y

- Assumption
Five separate stopping targets

Detector performance in a table below

. (2-3) X 101> are reachable above

10%u™/s

Resolutions/efliciencies
Photon energy 200keV  0.4%
Photon position 200 pm
Photon timing 30ps
Photon angle 150 mrad
Photon detection efficiency (4 layers) 6 %
Positron cnergy 100 keV
Positron angle 6 mrad
Positron timing 30 ps
Positron detection efficiency 70 %
Geometrical acceptance 835 %

MEG Il

2%
2.59mm
65ps

62%
100 keV
6 mrad

30 ps

67%

11%
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Future y — ey + Mu3e ?

B =1.3 Tesla

-----
e .Q

~

L “
// high momentum +,
’

s p.= 53 MeVi/c .

high momentum

B = 2.6 Tesla p,= 53 MeV/c

|
L
1
1
1
!
I

low momentum
P_=20 MeVic

low momentum -
P, =10 MeVic

P.=25 MeVlc

_____

P_= 25 MeVic d=36cm

Open discussions on designs and technologies for future
experiments. Currently the study group are mostly from
MEG Il and Mu3e, but always welcoming new participants

d=60cm
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Muon g-2

Dirac’s equation for a point particle g-factor, u” = g—S gives g = 2

2m
Leading (Dirac) term: g = 2 higher g — 9
L : _;_ T 4+ (loop) = magnetic anomaly: |a = £ 0
Sy terms ~ Z
- Tree level Quantum fluctuations
4 14 Strong Y,
Leading order QED A (hadronic)
processes contributing u
to a,,:
’ < B HLbL
ACZSM a, term value (x 10““) uncert.
oo _9 _ QED 116,584,718.931  0.104
— = 369 X 1077 (369 ppb in 2020) El-weak 153.6 1.0
Cl,u HVP 6 845 40 0.6%
HLbL 92 18

16 Total SM 116,591,810 43



Dispersive approach
for HVP

olete™ - ntn7)

Adopted in 2020
Tension in 2025
Need more data

Muon g-2 summary

WP 2020 |
SNDOG - ——
CMD-2- ———t i
Baar} R "  Experimental
KLOE - — i
e e R j World average
SND20 - ) ...5_—..=r‘ E
CMD-3 - =
T O—+—- :
BMW /DMZ-24 -
RBC/UKQCD-24+18 - W P2025 O
Mainz/CLS-24 - 53 O p p b O
BMW-20 - : O—q
Avg. 1- l
Avg. 2A 1
Avg. 2B -
Avg. 3-
Avg. 4
WP25 -
~30 20 ~10 0 10 20 30

10 SM exp
10 x (@ — aj;P)

Final precision
E989
127ppb

Lattice-QCD
for HVP
not mature in 2020

Adopted in 2025

Further investigations
are planned both from
the theory and
experimental sides



Relation between LFV, EDM, g-2

In SUSY models, LFV processes are induced by the off-diagonal terms in
the slepton mass matrices

g-2
EDM o Im(m2,) or Im(m?> ﬂR""-"ﬂLﬁﬁ:
x Im(mgzz) or Im(mj;) - Re(mz;) "<
CLFV o Amg; + Amg;
) 2 A 2 A 2 .' \
g-2 ocRe(mﬂﬂ) méé méﬂ mé% ~—e *~—
MR P 1253
2 2 2 2
ﬂR_‘_’__.éRJ;rE Amg~ Amg~ m%« - -
7 Am2. Y (14 TU TT AR . o.. HI
," pe \ " /I ( o) )‘\ 4
\ o Imm= - :
\\ ’ //[/,t \\
P \
»—e ‘. >
7 €
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R(D) and R(D*) measurements

0 x4 ——
HFLAV 68% CL contours Belle lla = Had-tag R (D*) = B(B"—D*"t U,)
CKM2025 Belle® BaBar

= Sl-tag B(EO—>D*+M—D“)
\ LHCGX LFU ratio R(D")
N\ .

/ —~ 14
Be“e \\ \</ 4 O\o ' S:léeb Ifl‘? Z;l)))
““'// \ = European gtrate , .
\ = 127 i Y/ M BellellR(D")
| "\t LHCD' a Q A LHCbR(D")
0.25 \ —A = S 10 & LEP3R(Dy)
pd C -
\v __— /)/ :I S N Y FCC-ee R(.DS)
4 HFLAV SM Prediction BelleII“\ / > LEP3 R(D; )
02 gﬁgl)ioéggff(‘?ggs R(D) =0.358 +0.024, c a Y FCC-eeR(D.)
4 L-QCD FLAG24 (Nf=2+1 for RD*) R(D?Wg 2810011, o 6 A
R(D) = 0.2938 = 0.0054 b= T
R(D*) = 0.2582 + 0.0051 P(x*) = 27% O
O 4.
0.2 0.3 04 0.5 C A
R(D) 3 , A
~ 3.80 deviation by Michele Veronesi & - -
P2l Tuesday 0—— , , Ovéy
- Current 2030s 2040s 2050s
- Can be a hint of LFUV - -
Time Period
between 7 and p arXiv: 2511.03883



epton universality check with pion

PIONEER experiment @ PSI

Instrumentation and
cryogenic access port

T Tt et v

CoF MPPCs

7" —sput v/t —et v J

Thin separation

' Isolation
windows

vacuum

KT —e™ 1//K+ —ut v

Kt >n"p " v/KT »ate v N \ LXe volume

| Wt sety/ W st

PMT panels

Average
: at et
, . 7. ~D-52 MeV in CALO Assembly and
| . 2cm G or pumping port
0.995 1.000 1.005 1.010 s R ey
~70 MeV in CALO
9ul 9e

200um pitch strips
—

['(m — ev, (y)) |
roo 7 el measurement e

/ T . ATAR capability to suppress
€ //l F(]Z. —> ﬂyﬂ(}/)) decays infligr:ytsand pileup
provides the best result so far to test LFU
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PIONEER phase | goal

Current Expt. Avg.
R7, = 1.23270(230) x 107
0.187%
. 4
R7, = 1.23524(015) X 10~*
0.012%
®  Rey [Exp.] 0.01%
® Rey [SM]
®  Re [Goal: 0.01%] -- Goal of PIONEER
1.2'31 1.2‘32 1.2'33 1.2'34 1.2'35
Reu™ 10° = test NP at mass scales ~103 TeV

21




PIONEER phase |l goal

Unitarity of the CKM matrix
_ 2 2 2

0.228 . 097 11 q
: {f \\
0.976 - European Strategy
0.226 A
| 0.975 l -
3 0.224| 0074t + + + .:
» = : .
0.973 B
222 : d
0 | € 0.972F V,, from K — wfv (PDG) -
0t = O™ 5 : Vs from |Vua/Vas| (PDG) :
| Neutron —— = 0.971 A  Current -
02200 . . . ..o L :
960 0.965 0970 0.975 - @ Future
v N )
ud  arXiv: 2208.11707 i

~30 deviation (Cabibbo Angle Anomaly) |
This can also be interpreted as a LFUV arxiv: 2511.03883

Vua from e, Vys from gu meas. -



Summary

Experiments using low energy (high intensity) accelerators can reach even
higher energy new physics scale than highest energy accelerator.

- A wide variety of complementary experiments can play a role that is
synergistic with high-energy frontier experiment. Since the energy scale of

new physics remains unknown, this is a particularly important research
area.

-+ Small-scale experiments including EDMs, LFV, g-2, LFUV are discussed
here. These including mid- and large-scale experiments are an
indispensable part of the future strategy for particle physics.

23



X17 boson search at MEG |l

Hint for a neutral, 17MeV boson:
X17 (Atomki collaboration)

An experiment at Atomki reported an
anomaly in the angular distribution of
the internal e+e- pairs conversion of

Li(p, e*e’)éBe reaction

pt —O @

i

Be”®
N X

Q

—

90
\

ATOMKI PAIR
SPECTROMETER

|
He

If confirmed, this would be evidence of

a new particle beyond the SM

24

10

IPCC (relative unit)

10

TS B " AR A | PR
80 90 100 110 120 130 140 150 160 17

Excess @ 17MeV/c2
Branching ratio (X17/y) = 6x10-6
- e
o :’ U
= o =
e = =
W & r~
T B m
~ —— -~
< J e
g @ =
“‘T"\. )-*-Q-_
S
_
——___
.
D O
| 2 4 | b a3 lauy 24

© (deg.)
Phys. Rev. Lett. 116, 042501 (2016)



X17 bqson search at MEG Il

"Li(p, y)8Be 17.6 MeVy &7
used for MEG Il LXe v,

bl Li(p, X — e e ")8Be search
Calibration

o Projected limits at 90% C.L.

A le~5
w—— Ri76 limit < 1.8e-06
v Ria1 limit < 1.2e-05

® ATOMKI (stat. + syst.) 1.0

1.2

==== 0.6
Can be used to test 0.4
X17 results
LoBRA B arXiv: 2411.07994
tanget Insertion system _ EPJC (2025)85:763
C-W E Vacuum —=28— |77 AR 165 166 167 168 169 170  17.

Mx17 (MQV/CJ'

Can be done during the PSI
accelerator shutdown

No significant signal observed
oK ATOMKI result was excluded at 94%


https://arxiv.org/abs/2411.07994

Advanced Muon Facility (AMF) at Fermilab

Proton improvement plan (PIP-Il) @ FNAL from

2029

Primary goal is a neutrino experiment (DUNE)

Exploiting the full potential of the PIP-II

accelerator
Use 800MeV p from PIP-II linac for Mu2e-Il from ~2035

AMF complex would use a fixed-field

alternating gradient synchrotron (FFA)
Cold, intense muon beam with low momentum dispersion

World’s most intense py+ and p- beams for
CLFV experiments

AMF could also be an R&D step toward a
muon collider

Aim in the 2040s

20

Detector Solenacid

Spectrometer Solenoid

Muon Storage Ring

(Phase Rotator) Pion and Muon

Transport Solenoid

Pion Capture Solenoid

arXiv: 1310.0804

0 1 2 3 4 Em

AAAAA

FFA example

Muon Beams Experiments

Proton Driver Front End

E— B

ut - ey, 3e

U N->e N

SCLinac

100kW-1MW
target in a Capture
Solenoid

Proton Compressor

FFA to create pure,
cold muon beam



Mu3e phase |l

Extension of the muon-stopping target, reduction of the material in the stopping target region
and the first tracking layer, further improving the time and vertex resolution of HVYMAPS

HVMAPS with even smaller thickness and smaller pixel sizes, with 100 ps time resolution

Muon stopping rates of ~ 2x109/s in HIMB, Magnetic fieldto 2 T
- Start in the early 2030s, ultimate sensitivity of B(mu->3e) ~ 10-16 after three years of operation

~40 cm ~/5cm ~40 cm —— 10
e —— 5

Scintillating Tiles T
~ Muon Stopping Target — 0

Inner Pixel Layers pp 9 , 9
} Fast SiGe pixel layer (cm)
~30 cm
Recurl Pixel Layers Outer Pixel Layers

2/



Paul Scherrer Institute (PSl) in Switzerland

PSI 590MeV proton cyclotron — Spallation source SINQ

2.4mA, 1.4MW in Switzerland | 31<f_"__7:—____'_:-_\
% produces > 1x108p/s | =1 IR —
#world’s highest intense DC muon beam oo | \ |

:
.‘ ; '
—— e — L I — ——
—— . .
-
o ,

Vs P - L ==
) o au” Y =Y Muon & pion target stations TgM & TgE
4 W > +/. 7 beamlines for particle
f S W /42 ~physics and material science
.',. . { _ — | _x
2w _ ' |

Injector cyclotron

" 590 MeV cyclotron
Ly:2.4mA, 1.4 MW

Proton therapy _—'—
{Proton therapy L= T

50 MHz /
ATTOQOS
L 100 pA for Spallation source fo
Isotope - ultracold neutrons S——
MuS3e production nEDM experiment g
== yseam a.w¢
mazsnassnnnsnnnnnssnnnielits ;/ EESsSEEEssSEESsEEEEsEw §/ _.\\\\‘\ imi
Uom o 410



BR(u—>evy)

Examples of new physics

SUSY-GUT SO(10)
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Photon measurement : Calorimeter

- [wo promising materials
LaBr3(Ce) and LYSO with SiPM readout

- Limiting factor could be capabillity of

growing large crystals and their cost
Interesting option for an intermediate phase in

a staged approach

Front Readout

-
_40 AR IR NI NENE INR NI IR AR IR IR

LYSO crystal 40¢
0;
Quartz window 20k
e 10F
Alz03 PCB where the E of
MPPC/SiPM are € i
soldered - 10?
-20F
Flexprint cables to 3
connect the MPPC _ —30F
board to the ..
feedthroughs #
Carbon
fiber

~40 -30-20-10 0 10 20 30 40

x (in mm)

(a) Hit in Central Region

Expected
performances:

Back Readout

Counts (a.u.)

y (in mm)

0302010 0 10 20 30

X (im mm)

> (z,y) = (—10mm, 3 mm)
- a/E[%] =1.7(1)

- or[ps| = 35(1)
* o Oyz [mm] =
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— D=7cm,L=16cm, LYSO

—— D=9cm, L=20cm, LaBrS(Ce)

— D=15cm,L=16cm, LYSO
D=15cm, L =20cm, LaBrs(Ce)

o/n = 1.69(6) %
o/n=2.52(8) %
o/n = 0.444(10) %
o/n=0.94(3) %

x10°



Photon measurement: Pair Spectrometer with Active Converter

Baseline option for photon measurement

Tracking in a magnetic
spectrometer Tracking layer

Drift chamber .-—-"""'

Radial-TPC
Silicon detector

Timing measurement

Measure timing of
returning conversion

______________________

Active converter

———————

——--Ii—-—---’ \\

| ! pair

A layer of dense | ' . . .
matgrial to convert — ctive converter | -l in front of active

- ‘ ' 5 nverter
photons into e+e- i : : i o2 v.e °
pairs E i : ; Multi-layer RPC
Scintillator+SiPM " : S — : + Active converter =
Silicon detector Energy loss measurement Timing measurement timing detector

Target performance: 6i/E = 0.4 % , 0, = 30ps, o, = 0.2mm

(MEG Il : 6/ E = 1.8 % ,06, = 65ps, o, = 2.5mm)
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Current R&D

+Active converter material and size are evaluated by Simulation study

+ 0.05¢ Efficiency study by MC > F
0.045F —e— LYSO & 012~ "—+—LYSO (3mm)
0045_ —e— Si & - —e— Si(5mm)

_E —e— YAP Y01 —e— YAP (7mm) 0
- ——#  Plastic (thickness x1/10) - » Plastic (100mm) .
= 0.08 el
= - P o

0.025:_ o . - P ///’
- o 0.06| P E
0.02}— e - e ol e .
- ol | L I e
0.0151 ' 0.04— T e T
0.01E gat;rationtof :Ifﬁciepcy N Z P e .
E remsstrahlung in 002 o+ o smina
0.005¢- tlrick areas ° - e prelimi®
- W PP B ) S S N 0 B , I I I
00 2 4 6 8 10 12 14 1 layer 2 layer 3 laycr 4 layer

thickness [mm]

L=50mm



Active converter prototype beam test

L =50 mm Reference LYSO+SiPM

TC — couter ——
LYSO crystal |
Electron beam

3GeV, 1.5kHz Veto counter

Requirement

i 0N
n

— 90007 : : : — e
g 8500 E_ systematic uncertainty e & i ]
- 8000F| —®— landau MPV E O QO -
T 7500E E = : _
Si =% 5000—-7000 p.e : S }
w 7000F . = = _ :
= t achieved ; = : .
B 6500 i _ ’
¥ 7)) . $ *
= oot o® g 30pteT ptet b §§*-
- @ ¢ E i
55005_ .‘..“..“.‘ _f g - ¢ {
5000F- < - 7
ss00f, >0 p.e.l osition scan | - : position scan |
E(requirement) P 5 2 P D S ST
400061 - 20 -10 0 10 20

L1 1 '
20 -10 0 10 20 .
position [mm] position [mm]




ete- tracker for reconstruction of converted photons

- Silicon tracker . \F

surely satisfies the performance requirements R

O(10m2/conv. layer) — can be expensive

- Drift chamber

stereo geometry needed — acceptance limited
granularity limited by cell size — difficult for low p

- Time projection chamber
overcomes limitations of a drift chamber
requires a light gas mixture
Drift cannot be along beam — radial TPC
Limited space for readout electronics
TPC strip readout demonstrator test @ beam

_ cathode

~ ‘ .
“ HRWells e T T - -
/ / plane > e . » : . snl - -
- . ] , N . - b
L ° _‘ .4 » . » - v
drift gap EI 40cm ¢ D WO\ T o
Jcm T D WY ¥
strips . % ; B 7\ N ek

A 10 o
capacitive — planes

shain tag | 34 BONUS radial TPC @ J-LAB




Future u* — e*y Schedule

2026 | 2027 | 2028 | 2020 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 [ 2035 | 2057 | 2038

+ Staged approach

MEG Il %
- Phase-| T e
&
Proof of principle of the conversion B é MEGS/ 6 MEGS/2
technique  mdaomien ) Comiucion  vprae
CEX 55MeV y with converter+tracker in
COBRA esitror H Refurbishm.
Running at 108 p+/s, sensitivity of a few ek M RaD & Design{) Construction

10-14 (possible in PiES)

 rwosomm () costucton .
m Field design Tech. Design Construction

¢ 1: Photon converter proof of principle (CEX with converter + tracker in the MEG COBRA magnet)

- Phase-l|

New silicon positron tracker
Construction after the completion of Mu3e

at H I M B @ 2: Decision about paositron timing technology

Experiment in the second half of the next ¢ 3: phase-l approval by PSI and funding agencies
& 4: Decision about positron tracker technology for phase-li

decade ¢ 5: phase-ll approval by PSI and funding agencies
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MuZ2e-II

Upgrade of the Mu2e experiment

If Mu2e discovers CLFV in aluminum, Mu2e-Il can measure with different target materials to pin
down NP parameters

If Mu2e does not find a signal, repeat the measurement to push limits even further
An order of magnitude improvement in sensitivity over Mu2e with 5y of data taking

Reuse as many components of MuZ2e as possible
PIP-1l baseline to provide ~100kW protons (8kW for MuZ2e)

Challenges ( rates, radiation, resolution )

Design a target for very high heat and rad loads
Replace bronze heat and radiation shield with tungsten shield
R&D for tracker, calorimeter, cosmic ray veto

Can act as a bridge to Advanced Muon Facility
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cLFV search prospects

107'° |
107° |

10—17 L1 1 1 I L1 1 1 I | I I L1 1 1 I L1 1 1 I L1 1 1 ' I — l L1 1 ICpI |

1940

1950 1960 1970 1980 1990 2000 2010 2020
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ut — ety signal and backgrounds

S. I a c 2: 1 ] SR B B = 1; L L=
|g n a / p A E 1.8 :_ Michel decays _: E‘ E Radiative Muon decays E
o0 . [ 1 e, 4| ]
= 1.6 ' 4 £101: E
S f slgnaly =27 F :
+ — —

‘,\'\'\' H g 140 1 8 f :
o - . o~ 2 -
EyEe = 52.8MeV - 1.2 : %10
Y @er=180°, Tr=Te g 1— E £ -3: i
_____________________________________________ ks 08F E 24:310 3 Yy background E
a 0.6 1 8 | :
RMD BG . 0.4 e* background 1 107 E
L+ 0.2 — :

(L A R A . 05—t ]

0 0.2 04 0.6 0.8 1 0 0.2 04 0.6 08 1
- Normalized Positron Energy (x) Normalized Photon Energy (y)

Acc BG U+ Nsig« Rux T x Br(p—ey) x € Efficiency crucial for statistics
! » NBG « Ru?2 x AEy2 x AEe X ABey? x Atey X T Good resolution crucial

\M / to lower the accidental
T background (Nsg)

Beam rate Resolutions Elapsed time

_ v
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Detector performance summary

Table 6 Resolutions (Gaussian o) and efficiencies measured at R, =
4 x 107 s7!, compared with the predictions from [3,57].

Resolutions Foreseen Achieved MEG
E.+ (keV) 100 89 320
de+?, O+ (mrad) 3.7/6.7 4.1/7.2 9.4

Vet Ze+ (IMM) 0.7/1.6 0.74/2.0

E (%) w<2cm)/(w>2cm)  1.7/1.7 2.0/1.8 2.4/1.7
Uy, Vy, Wy (Mm) 2.4/2.4/5.0 2.5/2.5/5.0 5/5/6
tery (PS) 70 78 122
Efficiency (%)

Ey 69 62 63

Ee+ 65 67 30
ETRG ~99 80 99

EPJC 84(2024)2, 190
39 (2024)



MEG |l data taking so far

15
% 0‘4XI10 | 1 I I I | I 1 I | [ 1 | | 1 | I 1 I | 1 _l
az*a m 1 MEG Il total
— Last run: 593885 () = C
- 035 e T, :2.88e+06's 4 statistics
E 2022 T, :7.76e+06 = 14
§ 03 2023 T, : 9.606+06 5 4 8.1 x 10" u stops
s E commnes 2024 T, : 1.77e+06 s -
g 025F --+-- 2025T,,: 0.00e+00s = X1_O the 202:‘ |
S 02;_ 20292 E published statistics
< E _ g
0.15 —
0.1;— 2024§
0.05F 2021 =
Y i A B S .ln.ld‘.’.llé.l_ﬁ
0£May 02/Jul 31/Aug 31/Oct e
Mon Jan 20 07:00:27 2025
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Method of 4 — ey search

- Blind analysis

-
Time coincidence ., within 1ns, 48MeV<E <58MeV = —1300
. : = ...

-+ Sideband to extract PDFs, analysis check Ly 250
Four time sidebands for Nacc study 100
low energy sideband for Nrmp study

150
- Maximum likelihood analysis to estimate Nsig
Confidence interval from Feldman-Cousins method 109
nuisance parameters 50
L(Nsig, Nrmp,> Nace, X1) = 0
e—(Nsig+NRMD+NAcc) constrained
, C(NrmD,> Nacc, X1)X
NObS ' constrained by sideband | o o

Nobs Analysis Region

H(Nsigs(f,-) + NrmpR(E) + NaccA(R)) 48 < E, < 58MeV 522 < E,. < 53.5MeV

i ver-event PDFs . | #+,| <0.508 |6+, | <40mrad |+, | < 40mrad ‘

X; = (Eg, Epy 1oy Op s Doy Alrpes ERpes 0

xr represents the target misalignment uncertainty 4 ]



Projections of PDFs to observables (2021+2022 data set)
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2-D event distributions
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CLFV with other indications

< 5.00 : >

+—@
Significance will likely decrease Fermilab 1+
with an updated SM prediction (2023)

< 510 >

2+3

5] +—@—1
SM: ete- HVP World Average
T.I. White Paper (2023)
(2020)

'

New results in tension C
with White Paper (2020) SM- | attice HVP

SM: e+e- HVP
using only CMD-3
data below 1 GeV

17.5 18.0 18.5 19.0 19.5 20.0 20.5
a,x10" - 1165900

Disclaimer from A. Keshavarzi's Lattice 2023 talk:

IMPORTANT: THIS PLOT IS VERY ROUGH!
« TI1 White Paper result has been substituted by CMD-3 only for 0.33 = 1.0 GeV.
« The NLO HVP has not been updated.

+ Itis purely for demonstration purposes = should not be taken as final!

21.0
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After MEG

High Intensity Muon Beam project
(HIMB) at PSI

- 1070 p+/s (100x improvement)
CDR by end of 2021
Implementation during 2027/2028
Science Case workshop 6-9 April 2021

Future y—ey experiment for CLFV
Goal: Br(p—ey) ~10-15

Discover new physics and precision
measurements

Detector R&D to make maximum use of HIMB

Resolution improvements
Calorimeter — converter + pair spectrometer

High rate tolerance

Drift chamber — Silicon detector £

Possible to measure p—eee at the
same time

|
\)

1.2 % 1011 p+/s 13x 10" /s o TgH

Source

7.2%1Q0° ut/s
C ~6%

3.4 x 1070 pyt/s

Capture C ~ 96%

| Existing uE4
beamline

I

—n Gain due to high capture
and transmission efficiency

| Solenoid-
based
' beamline

r 5x 108 ut/s 1.3 x 1070 p#/s
T~7% Transmission T ~40%
Total ~ 0.4% Total ~ 10%

" beam

5 X10%s7)

Muon stopping
argets
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Future u—ey

- Positron spectrometer

i a—
HV-MAPS + scintillator or mRPC e
Resolutions

energy 0.3%(150keV) - time 30ps * angle 6mrad -
detection efficiency 70%

Gamma converter + pair spectrometer

Resolutions
energy 0.4% (200keV) - time 30ps - position

0.2mm - angle 50mrad - detection eff. 60%
AV IN—5 —
RV AR hOX—45 —

(Ll

GEF~TY—

measurement

\___1____/

Timing’
measurement

2Momentum

measuremen

', 30°

63 ¢cm




Pattern of the relative predictions in several models

Model 1L — eee uN — eN ?3};((‘; __’)Z‘ff)) Cg‘é’zf _:’e‘fy];f )
MSSM Loop Loop ~6x 107 1072 — 1072
Type-I seesaw Loop™ Loop™ 3x107°—0.3 0.1-10
Type-11 seesaw Tree Loop (0.1 — 3) x 10° O(1072)
Type-1II seesaw Tree Tree ~ 10° O(10°%)
LFV Higgs Loop! Loop* ! ~ 107 O(0.1)
Composite Higgs Loop”™ Loop™ 0.05 — 0.5 2 — 20
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Complementarity in target materials

— Z Penguin —— Charge Radius - Dipole - Scalar
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