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Scope and Acknowledgements

*Given the limited time and my research interests, this talk will inevitably be selective
and focus on lepton flavour violation (LFV) experiments using high-intensity muon
beams

*Many thanks to Yuki Fujii, Tamasi Kar, Stefano Miscetti, Hajime Nishiguchi, Yuri

Oksuzian, and Andre Schoening for providing valuable materials and information




@ The University of Tokyo @

Lepton Flavour

eNearly 90 years after the discovery of the muon, Rabi’'s famous question remains unanswered:
“Who ordered that?”

e At the same time, lepton flavour has played a crucial role in advancing particle physics

“Who ordered that?” (Isidor Isaac Rabi)
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Is Charged Lepton Flavour Conserved?

e Charged lepton flavour conservation is only an accidental symmetry in the Standard Model
e Broken only by tiny neutrino masses, but at an unobservably low rate

e Observable charged lepton flavour violation (LFV) would be a clear signature of physics beyond the Standard Model

oLFV experiments can probe effective new physics scales of 10° — 10° TeV, depending on the underlying operators

and couplings

B(u — ey) ~ 1074 Bu — ey) ~ 107111071

Note: Effective NP scales derived from bounds on dimension-six operators,

S M + m B ey on d S M assuming unit Wilson coefficients.
\/

Physics Briefing Book: Input for the 2026 update of the European Strategy for Particle Physics
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Golden Channels of Muon LFV
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Strong complementarity among different muon LFV channels! S. Davidson and B. Echenard, EPJC 82 (2022) 836,
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H-decays

Experimental Approaches

-

ut = ety ut - ete et

e Continuous muon beam

e [0 minimise accidental BG

e Key challenge

e High-precision detectors capable of operating at high rates

eExperiment
«MEG Il for u* — e*y: Ongoing at PSI
eMu3e for u* — ete~e™: Upcoming at PSI

e Future experiment with HIMB at PSI: R&D phase

eBeyond discovery

e Angular correlations to distinguish between new-physics

scenarios

~

[ — e conversion

: U N—-e N -

e Pulsed muon beam

e [0 minimise beam-related BG with delayed measurement

e Key challenge

e High-quality pulsed beam with excellent extinction ( < 10~10)

e Experiment
e COMET: Upcoming at J-PARC
eMu2e: Upcoming at Fermilab

e Beyond discovery

e Nuclear dependence to distinguish between new-physics scenarios
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Search for LFV Muon Decays

Prompt BG

Accidental BG

Key Concepts

put — e’y

e Coincident
e Monochromatic energies

(£, = E}, = 52.8 MeV)
e Back-to-back

e A continuous beam helps suppress
accidental backgrounds — PSI

e Photon measurement is challenging

e Two-body decay — can concentrate
on the kinematic edge

ut — etete

e Coincident
e A single decay vertex

oZEe = m'u
.35, = 0

1/ o AlIF
%)
v / %
et p’ A
Q(——Q X
AW N
O _
e

e Bhabha scattering
e Photon conversion
e Mis-reconstruction

e A continuous beam helps suppress
accidental backgrounds — PSI

e Three-body decay — Need to
detect low-momentum electrons and
positrons

e Need high-rate tracking capability
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Search for LFV Muon Decays 9

e\World’'s most intense DC muon source at Paul Scherrer Institute (PSI)

eHigh-Intensity Proton Accelerator (HIPA)
«590 MeV ring cyclotron, 2.3 mA — 1.4 MW!

« The world’s highest-intensity muon beam (max ~ 10% u*/s)

eShared by MEG Il (1 — e™y) and Mu3e (u™ — eTete™)

1tE5 beam line (PSI)

MEG I Mu3e :
590MeV ring cyclotron @PSI 2.3mA (1.4MW)
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ICEPP Euro. Phys. J. C(2024)84:190
R MEG Il Experiment: u™ — ey

o Xe 900L (~2.7ton)

O Liguid xenon photon detector e Highly granular
L . COBRA = = | JetgoRiioetoms LX) @ scintillation readout
| EH — superconducting magnet Sasn SO . .
- T S0 S BEOSI0: with SIPM(x4092) +
RE t 4 P - Sa’s

PMT(x668)

Pixelated timing counter

e ~9000ch waveform readout

Radiative decay counter

e New In MEG ||

e BG-vy suppression by § Ny, p———— e

identifying associated .:,;fff’fﬂt:
4 . Pixelated timing counter

c10 o N B

low mom. positron

M topping target Y
Homs Oppmgﬂarge e x5172 fast plastic scintillator plates
Cylindrical drift chamber . .
Radiative decay counter (CDCH)l] H e 40ps time resolution averaged over

(RDO) | @

multiple hits

Cylindrical drift chamber

Target BR sensitivity: 6 x 10714
( X 10 better than MEG)

PSI proton cycrotron (2.3mA, 1.4MW)

World’s most intense DC muon beam e Ultra-low-mass with single gas-volume

e Drift cells with stereo wires
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W IGEEP MEG Il : Status and Prospects (o)

.Physics data_taking % 585 cosl®eyI <I—O.9995 |:ey|<0.2ns | 2 - 49<Eyl< 55MeV 52.I5<Ee<53.2IMeV 1
= o T
o Started in 2021; successfully completed in September 2026! ui” 56F 1 o4t .
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54 . 0
el atest result Euro. Phys. J. C(2025)85:1177 53 0
52F- - o. © :
et — eTy search analysis of the first two years’ data (2021-2022) 51, 1, 0'4;'; 1t
505— -0. :— o —
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MEG Il expected sensitivity

e A much larger dataset remains to be analysed (=4x 2021-2022 statistics)
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Mu3e Experiment :u™ — eTeTe™ ¢

eChallenges

Outer pixel layers

e Three-body kinematics require efficient detection of low-
N 1 momentum electrons and positrons

A

Scintillating tiles Vertex detector '

-, <« e High rate capability
& —— . Target B
Ln: S ™™ t .
i §MeV/c “one eKey technologies

ScintiNating fib . . .
L IOOOOOOOOEnE CoNS e EEEr/EEEEEEEE o Ultra-thin four-layer pixel tracker (50 gm-thick HV-MAPS)
H 7
Recurl pixel layers e Scintillating fibres and tiles for timing
< ------------------------------------------------------------------------------------------------------------------------------------------------------------ >

e Streaming DAQ with GPU filter farm for online event selection

“Half turn” recurler for best precision
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B Mu3e :Timeline /@f (W

scintillating eJun. 2025: Commissioning run with minimal detector configuration
—detector h Q‘:g - o Full vertex detector (108 MuPix11(50 um) chips)
‘Target B -
IT Magnet o] out of 6 SciF
e3 out of 14 SciTiles
Outer pixel layer
= seemem ®OCt: 2026: 8-week beam campaign
Varba cintillating tiles . o
—detector - e GPU filter farm commissioning

‘Targot B L

e Detector commissioning
llatin T Magnet : : - —
—Sdaﬁ,,,g_ AEEEEEEEEEEE e /Oum Mupix11, outer pixel layer 3, full SciFi, full downstream SciTile
e BG measurement
Outer pixel
——
Vertex Scintillating tiles
<l Torget ) e2027: Phase 0 as first physics run
T 1T Magnet 12
—— eSurpass SINDRUM limit (10™"4) in < 2 weeks!
Janoﬁgfgi:xgI&?uﬁggttg;ﬁwnn) > Mid 2029: First Beam for HIMB ) >2031:
>2028 Prodution, HW & SW Consolidatio Phase | data taking Phase Il

Phase | goal: (10~ ) Phase Il goal: G(1071%)
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Scintillating eJun. 2025: Commissioning run with minimal detector configuration
—dutuctor t Qigt ’ o FUll vertex detector (108 MuPix11(50 ym) chips)
‘Target B .
IT Magnet o] out of 6 SciFi
e3 out of 14 SciTiles
Outer pixel layer
Vertex .m ing tiles _—
—detector -
‘Torgot B
Scintillating T Magnet Vertex detector hit maps

Outer pixel
fayars
OTTTITT 1T OTrrrrrrirmi

Vertex Scintillating tiles
—dersctor «

’Targot B

1T Magnet
Scintillating

COTITITTIrrmeTTm e — s OO rrrirei

Jan 2028: HIMB Shutdownn’

Outer Pixel Recurl Station
>2028 Prodution, HW & SW Consolidatio

Some chips didn't work, but a lot learned!
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scintillating eJun. 2025: Commissioning run with minimal detector configuration
—detector h Q‘:g - o Full vertex detector (108 MuPix11(50 um) chips)
‘Target B -
IT Magnet o] out of 6 SciF
e3 out of 14 SciTiles
Outer pixel layer
= seemem ®OCt: 2026: 8-week beam campaign
Varba cintillating tiles . o
—detector - e GPU filter farm commissioning

‘Targot B L

e Detector commissioning
llatin T Magnet : : - —
—Sdaﬁ,,,g_ AEEEEEEEEEEE e /Oum Mupix11, outer pixel layer 3, full SciFi, full downstream SciTile
e BG measurement
Outer pixel
——
Vertex Scintillating tiles
<l Torget ) e2027: Phase 0 as first physics run
T 1T Magnet 12
—— eSurpass SINDRUM limit (10™"4) in < 2 weeks!
Janoﬁgfgi:xgI&?uﬁggttg;ﬁwnn) > Mid 2029: First Beam for HIMB ) >2031:
>2028 Prodution, HW & SW Consolidatio Phase | data taking Phase Il

Phase | goal: (10~ ) Phase Il goal: G(1071%)
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Signal . Background
: + +Decay In Orbit (DIO) ; Muonic atom
+ e Beam-related :

. e Radiative Pion Capture (RPC)
e Muon lifetime 1 us in a muonic atom: (Al atom) ©: e«Decay in Flight (DIF)

eMonoenergetic electron from muonic atom

oL, = m, — Bﬂ - E ~ 105 MeV (Al atom)

ecoil

= delayed measurement is possible . - eBeam electrons/antiprotons

.~ e«Cosmic rays

{=-e conversion
(W +(AZ)—e +(AZ))
Standard Model

g Decay In orbit A

eChallenges

e A single energetic electron as the only signal signature

— No coincidence measurement possible

----------------------

[ ]
100 ns ' Main Proton Pulse

:j. (~102 proton/pulse)
eKey concepts S | T T e ) -
. | W& bromptBackground , u —e VeVy
e Delayed measurement requires excellent extinction Tromrornereereree o
( < 10719 to suppress out-of-time beam particles LSS ZREEEEEEELRED g Nuclear capture
L ut (A Z)—=v, +(A,Z- 1))

e Curved solenoids for background suppression

---------

--------

eUpcoming experiments based on similar concepts

e COMET@J-PARC
e MuZe@Fermilab

< > Time (us)
1.2 us

Wataru OOTANI, “Lepton Flavour Experiments with Novel Beams”, ICFA Seminar, Toyama, Japan, 3 November 2026



ICEPP “
GDICEPP COMET@J-PARC (oves (19)

LINAC
400 MeV

Pion productin target + ,“

i proton beam |

Neutrino beam to Kamioka

\u & ‘ynchrotron

Energy : 3 GeV
Repetition : 25 Hz
Design Power : 1 MW

| Electron transport |

Material and Life Science Facility

| spectrometer ~1 T |

O
Vi B

Nuclear and Particle Max Energy : 30 GeV

Physics EXp. Hall Design Power for FX : 0.75 MW
Expected Power for SX : > 0.1 MW

e Target sensitivity : 2 X 10717 (SES) e
i Curved muon transport solenoid |

(R(uN — eN) < 7 x 10713 (N=Au) SINDRUM II (2006)) |

e 8 GeV Proton beam at a power of 56kW

e Background suppression using a long muon transport

' Detectors + Solenoid ~1 T ,

+ Cosmic-ray veto 'f

solenoid

Select low-momentum negative muons
with curvature drift

Wataru OOTANI, “Lepton Flavour Experiments with Novel Beams”, ICFA Seminar, Toyama, Japan, 3 November 2026




ICEPP
WIREEE COMET : Staged Implementation {omer
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Phase-a (done in 2023)

o First proton beam injection with reduced

4
L 2
0

‘-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII...

..

’ Phase-| (2028-) . Target sensitivity : 3 X 1071 (SES) )

L 4
.

....

SR

e Proton beam power: 3.2k\W (Phase-I| design goal)

m power of 260W
peam power of 260 e Commissinoing (1/100 intensity, in 2028) = Low-intensity running

(1/10, 2029) = Full-intensity running (2029-)

e Muon transport solenoid: 20° bend (half of the Phase-IlI configuration)

e Muons successfully transported by the

muon transport solenoid
e Pion production target : Graphite

6 —eo— Data —@— Simulation

[ ] Stat. Error -3--  Target

Syst. Error s Non-Target e Physics goals: Background measurements + physics data taking

N
|
|

Detector Solenoid (DS)

Pion Capture Solenoid (PCS)

Counts / MeV/c / 10*? POTs

“IlIlIIlIIlIIlIIlIIlIIlIIlIIlIIIIIIIIIIIIIIIIIIIII..
.
..lIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘

2
FCS MTS
0 30 40 50 60 70 80 90 100 ,
. Momentum (MeV/c) .
L 2

..IlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-‘

Muon Transport Solenoid (MTS)

‘-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ||

3 4

CyDet for physics DAQ Beam measurement detectors
Straw-tube Tracker Cylindrical Drift Chamber (CDC)

Detector solenoid

Residual

L 4 .
...IllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-“

“IIIIIIIIIIIIIIIIIIIIIII..

+ cosmic ray veto - \]
O P T g ‘
: (Q\,“a
: e\\
. N 0<200 um conflrm& R
L 4 * *
.@..................................................."=:::::IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII(TTIIIIIIIIIIIIIIIIIIIIIIIIIIIIII--““
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WIREEE COMET : Staged Implementation {omer

“-II-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..

Phase-a (done in 2023)

o First proton beam injection with reduced

4
L 2

‘-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII...

..

’ Phase-| (2028-) . Target sensitivity : 3 X 1071 (SES) )

L 4
.

....

e Proton beam power: 3.2k\W (Phase-I| design goal)
Deam power of 260W

T I O B I

e Commissinoing (1/100 intensity, in 2028) = Low-intensity running
(1/10, 2029) = Full-intensity running (2029-)

e Muon transport solenoid: 20° bend (half of the Phase-IlI configuration)

e Muons successfully transported by the

muon transport solenoid

6 e Pion production target : Graphite

—e— Data —@— Simulation
[ ] Stat. Error -3--  Target

Syst. Error s Non-Target e Physics goals: Background measurements + physics data taking

N
|
|

Detector Solenoid (DS)

Pion Capture Solenoid (PCS)

N

PCS MTS

Proton beam line

Muon Transport Solenoid (MTS)

Counts / MeV/c / 10*? POTs

“IlllIIlIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII..
L/ ‘
.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘
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..IlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-‘

*
L 4

’0

‘-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

3 4

CyDet for physics DAQ Beam measurement detectors
Straw-tube Tracker Cylindrical Drift Chamber (CDC)

Phase-Ill construction expected to take ~3 years after Phase-|
, with a staged implementation scenario also under consieration

L 4 .
...IllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-“

“IIIIIIIIIIIIIIIIIIIIIII..
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e A complementary approach to COMET, pursuing comparable sensitivity

: e Full detector configuration from the outset, with a gradual ramp-up of beam power
Mu2e@Fermilab

L «S-shaped muon transport solenoid (vs. C-shaped in COMET)
e MuZe reuses Fermilab's existing accelerator

« Straight detector solenoid without a separate electron transport section (unlike COMET Phase-Il)

Infrastructure.
e 3GeV proton beam pulses every 1695ns e High sensitivity despite lower proton beam power
eBeam power: /./kW «Higher overall signal efficiency

e Longer data-taking period, enabled by operation alongside other experiments
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CR veto & Tracker
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EAICERR. ., e ]
Production Solenoid (PS) Transport Solenoid (TS) )

e nstalled in 2025 : ;
i «Cool-down in end 2026 e [nstallation & assembly completed
e Endcap and ext. shielding installed in early 2027 « Cryogenic connections in progress

e Cool-down in Feb/Mar 2027/

* *
.....
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

*
0000
-------------------------------------------------------------------------------------

CR veto & Tracker
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Production Solenoid (PS) Transport Solenoid (TS) ); Detector Solenoid (DS)

e|nstalled in 2025 : :

e Cool-down in end 2026 e Installation & assembly completed  :

e Endcap and ext. shielding installed in early 2027 e Cryogenic connections in progress e Has been delivered!
e © | «Cool-down in Feb/Mar 2027 ii  «Tobe installed in 2027

*
‘‘‘‘‘
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

‘‘‘‘‘
------------------------------------------------------------------------------------------------------

All solenoid systems will be commissioned to prepare for Run 1 at the end of 2027

CR veto & Tracker

Wataru OOTANI, “Lepton Flavour Experiments with Novel Beams”, ICFA Seminar, Toyama, Japan, 3 November 2026



| CRV & Tracker CRV & Calorimeter
e Low-mass straw-tube tracker » Csl crystals readout by SIPMs e Four layers of plastic scintillator with
« Mom resolution e Energy resolution: < 10 %, time WLS fibres
~ 180keV/c resolution: <500 ps « All CRV modules fabricated, under
e Assembly completed and e Assembly completed and installed in 2025 commissioning

installed in 2025

Detectors extensively tested with cosmic rays and performing as expected — ready for beam!

Path to Runi

e Commissioning of solenoid (PS/TS/DS), detector (with cosmic rays), and beamline

« AC dipole commissioning and verification of extinction at the 10710 Jevel
eRun 1in 2027

e 3-month beam time incl. 3.84 KW (50% nominal) 1-month physics run
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GICEEE High-Intensity Muon Beam (HIMB) at PSI 0

eNew muon beam line at PSI with X 100 intensity Bunker tertiary
Proton beam cooling water
diagnostics
o @(108) //t+/S€C = @(lﬂlo)ﬂ"'/sec Changes to TeH
northern part of Shielding

_ MUH3 muon beamline
experimental hall

e nstalled in 2028-2029
e User operation in 2030

Proton beamline

MUH2 muon beamline

e HIMB will provide new opportunities for rare muon decay

experiments

Decision: Start Long TDR Ready Re-Start HIPA HIMB
Ready for Long Shutdown Shutdown (TATTOOS) user operation user operation
TATTOOS Start Dismantling First Beam HIMB
Concept Ready TATTOOS TATTOOS
TATTOOS Bldg. Start Bldg.
Decision Bldg. Application Construction
HIPA SD Beam OP SD Beam OP SD Beam OP SD Beam OP SD Beam OP I Long Shutdown beamOP SD Beam OP SD Beam OP SD Beam OP

Techn. & Mechanical Design, Engineering, Planning _—. p-beam Comm.
Procurement & Testing _
ifrastritire Des/irstll Corm. Pilot Exp. Consolidaton

1st p-beam TargetH & 172029 [0 User Operation
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Future u™ — ey Experiment at HIMB

eTarget BR sensitivity O (10~1°) achieved with

HIMB and new detector concepts and technologies

e L etter of Intent (Lol) su

omitted to PSI in Jan. 2026

by an international stud

e Proposed experimental

y group (arXiv:2504.18831)

concept

e Photon spectrometer with active converter
(& LXe calorimeter at MEG I)

e Positron spectrometer based on Si pixel sensors (3 |3
Mu3e) (& CDCH at MEG Il

e Long/separate active targets

e Significantly increased acceptance

e Broader physics programme, including searches for

ut — etete™ and exotic particles

Active-converter
pair spectrometer

Electron
timing counter

Muon active target
Electron tracker

Wataru OOTANI, “Lepton Flavour Experiments with Novel Beams”, ICFA Seminar, Toyama, Japan, 3 November 2026


https://doi.org/10.48550/arXiv.2504.18831

IGEEP N N . .
Future y™ — ey Experiment : Key Technologies
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00000

Pair spectrometer with active converter

Electron tracker
e Ultra-thin silicon pixel tracker with HV-

> |— | withoutenergy MAPS (50 um) as a primary candidate.

R loss meas. P

8 103 _ with energy . oge

=~ T lossmeas. .1 e«Mud3e-like silicon tracker would allow
0 - : E

0 us to search for u — eee

L

e R&D for even thinner MAPS to further

:::||:|‘“||{ o .1 improve tracking performance
UL EPITH VTR et ’
40 42 44 46 48 50 52 54 56 58 60

Reconstructed E, [MeV]

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* L 4
* *

Electron timing detector

e Excellent energy and position resolution by tracking the conversion pair « Candidate technology: Scintillator+SiPM

* Active converter oL GAD, Fast MAPS, SiGe BICMQOS as a future possibility .
e Measure the conversion pair eneray 0ss and timing ................................................................................................................................................

e Candidate material: LYSO i .

e Multi-layer to compensate for low detection efficiency

Active target

°L ted active t t with
e Conversion pair tracker: Radial TPC with cylindrical MPGD readout o ong/separated active target wi

. . , photon direction measurement by pair
e Photon direction can be measured — Further BG suppression :

spectrometer to reduce accidental BG
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The University of Tokyo

Future 4™ — ey Experiment : Status and Prospects

e Currently in R&D phase toward a proposal to PSI Timeline
eBeam test with TPC prototype in Oct 2026

eBeam test with LYSO active converter + MEG II LLSEL

drift chamber to demonstrate the active converter

o e
e MEG3/1 e MEG3/2

Phase | Phase Il

c
3
o
©
)
-
L
(7))
&
L

concept early next year

ePhase | (2033-)

Projected Sensitivity

Target performance e Target sensitivity: ~ 10714

. . . > B P
Resolutions/efliciencies g = e 1 layer
Photon energy 200 keV *Moderate beam above ~ 10 H /s % - Phase| |7 4 layers
Photon position 200 pm e1-2 conversion layers for pair spectrometer o — 10 layers
Photon timin 30 ps : > i
5 5 P e Gaseous tracker (in COBRA magnet of MEG I1?) @
Photon angle 150 mrad £ 1ol il
Photon detection efliciency (4 layers) 6 % % - .
Positron energy 100 keV ePhase Il (2037-) o0 i ]
Pos; e _ -
Positron angle 6 mrad e Target sensitivity: (2 — 3) x 1071° : :
Positron timing 30 ps i |
Positron detection efficiency 70 % eHigher beam intensity at HIMB
Geometrical acceptance 85 % eFull-layer conversion spectrometer 07765 e s
. . 10° 10° 10"
eSilicon pixel tracker Rate [u/sec]
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The University of Tokyo @

Muon LFV Experiment Timeline

N.B. Indicative timeline — my personal compilation

2026 2027 2028 2029 2030 2031 2032 2033 2034

U1z} construction/commissoning

Muon source

S

Detector R&l
Future exp.
p = erlp = eee @ | etter of Intent

Phase |

Sics run

onstructio

Phase O
Mu3e hase | [IILNEIIN Phasell

U — eee

Beamline/detector Commissioning ! ] 1
CO%E-[N hvsics run (Phase ) sics run (Phase Il)
Mu2e Accelerator upgrade

UN — eN
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The University of Tokyo @

Muon LFV Experiment Timeline

N.B. Indicative timeline — my personal compilation

2026 2027 2028 2029 2030 2031 2032 2033 2034

User operation

‘m11\Y/]2§ Construction/commissoning

Muon source

M Eg elyl Phy

Detector R& onstructio
UGN DetectorR& u
p—erlp = eee § | etter of Intent

Phase O

Mu3e phase | JEEINEIININE.  Phase

u — eee
Beamline/detector C issioni . R
COM ET Phvysics run (Phase |) sics run (Phase Il)
UN — eN

Mu2e Accelerator upgrade

UN — eN

Phase |

5iCS run

Exciting years ahead for muon LFV!
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@ The University of Tokyo @

Summary

oLFV provides a unique opportunity to probe BSM physics at very high energy scales

eBeyond that, strong complementarity among different LFV channels offers powerful tools to explore the underlying new

physics

eMEG Il will soon no longer be the only LFV experiment exploring BSM physics
e With MEG Il data analysis continuing and Mu3e, COMET, and MuZ2e preparing for physics runs, exciting new results are

expected in the coming years — hopefully including a discovery!

eWe are entering a new era of powerful BSM tests, exploiting the complementarity among different LFV channels

eNext-generation high-intensity muon beams such as HIMB at PSI will offer new opportunities to push the sensitivity

frontier even further
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Backup
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SBICEPP _ _
u~-N — e N :Target Atom Dependence

3 o

Vector interaction w/ Z0

AA/\ Vector interaction w/ photons
Y d\"/

B(u— €2) / B(u— €Al)

e
Dipole interaction

&

Scalar interaction

R. Kitano, et.al., PRD 66, 096002 (2002)

20 40 &0 &
Z

After the discovery of uN — eN, the dependence of the process rate on the target atom will be studied

= leading to the identification of the new physics behind.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.66.096002

@ The University of Tokyo @

Future 4™ — ey Experiment : Enhanced Acceptance

Zenith-angle acceptance significantly improved w.r.t. MEG ||

— After u — ey discovery, angular distribution can be measured with a polarised

muon beam (PM = — (.86 @MEQG)

— Pin-down underlying new physics

. N B(u™t +
ee.g. SO(10) SUSY-GUT: A} =~ Ag i (IZZ —;e V) x |Agr|?(1 — P,cosf.) + |AL|*(1 + P, cos b.)
cos 0.
ee.g. Non-unified SUSY with vz: A; = 0,Ag # 0

\ Drift chamber
| / .

il ”. , .“ Ir

/
/
VN

Muon Beam

~

Muon stopping et spectrome

active targets .
Activeicol

pairfspect
('4SIL'|p’e'F-I.

Liquid Xenon g |
Scintillation Detector

Wataru OOTANI, “Lepton Flavour Experiments with Novel Beams”, ICFA Seminar, Toyama, Japan, 3 November 2026



»

e Material choice and optimal thickness

ICEPP

The University of Tokyo

Material Choice

e Trade-off between conversion probability and energy escape by

bremsstrahlung

—>optimise thickness for the highest signal efficiency

e LYSO with a few mm thickness is the best candidate

eHigh light yield = energy resolution

eShort decay time — high rate capability, timing resolution

eShort Radiation length — detection efficiency

?3_5_ | | | | | L YSO
N - .
0 AF YAP
23 | N
wQ - > Silicon
i 0'.. Plastic scintillator
2.5 g T =
u ¢ ¢ _
: XXX 03’%
2 24, R BRUAR
B 000 -
1.5/® %
1 —
6w -
0.5_— $ -
O_ | l l l | l l l l | l l l l |
0 5 10 15

Future 4™ — ey Experiment : Active Converter

Converter thickness [ mm]
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ICEPP

The University of Tokyo

Segmentation

eEnergy loss measurement can be ruined by (e

eHits in the same segment by the returning conversion pair e

¢ BG photon pileup hits After a half turn |

. v After a full turn
— segmentation needed

B

e Optimal segmentation: LYSO 50mm(/B) x 5mm(_B) %

Signall Y BGY

Converter length [mm]

Future u™ — ey Experiment : Active Converter <2

Segmentation

" 20 40 60 80 100

n a beam test Converter W|dth [mm]

<
| T TTTTT

B

QOO keV)

Entries/

H
o
TTT ‘E:;;;E“-:-. T

R, =10%

R, =10"
R, =10"

o St i P e RN B L

il e W F RN B

:n Y I| :, ! ! :: s :::|I . U Iy L T\I\l | ‘U“‘ T H\‘ ”_

| el ) ::ll o |:|: :: N "

I R : i

| i fle W |1'| R " ! -
T T e i ﬁ'.’l(” il S
HARA A T R ] R E R
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The University of Tokyo

Future 4™ — ey Experiment : Active Converter
Prototype Beam Test

eBeam test to measure MIP response of LYSO active converter prototype
¢3 GeV electron beam at KEK PF-AR test beam line
eOverall rate: 4.5 kHz

e Prototype

eLYSO strips (O mm X S0mm X 3mm, Smm X 5S0mm X 1.5 mm)
¢ 3xMPPC(514160-3015HS, connected in series) at both ends

e Readout electronics
eWaveDREAM (DRS4 waveform digitiser chips), 4-5GPS

o Split signals recorded with two gain modes

Z

Converter
prototype ' .

eLow gain: charge measurement e b
eHigh gain: timing measurement . -
S 200F = = A = )Electron
E L o = l '\ . _beam
L F - Reference ~ Reference
% _jZZE_ E counter ___.| ~_counter Cor:v:rter Cor;wterter
-400— — Y prototype prototype
E _600F- = VETO
—800%— - ngh gain counter VETO counter
~1000E- | —-Low gain
100 i me(ng Special thanks to the KEK PF-AR test beamline team for their excellent support
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DICEFP  Future ut — ety Experiment : Active Converter
Time walk correction Threshold optlmlsatlon

Prototype Beam Test  g°% gy

e Analysis

eEvent cleaning to remove multi-particle events

ke

o *

e| eading-edge timing in the waveform

o -
********

| ‘ | | | ‘ | | | ‘ | | | | | | |
600 800

Leadlng edgethreshold [- mV]

e Time walk correction

Charge [x 10° e

e Threshold optimisation (leading edge and TOT) Position dependence Angle dependence
r— 30 I I I I I I I I I I I I I I I I I I ] I I I I I I
é | | | : 7 gg_ | | | o
— 28 - = °F r F
S ¥ a® 1 S 34 E
% 26|~ =#¢¢¢* : === o 1 3 32- F E
_ 2 2 E 30 =
o (tUS LYSO — lref ) — \/O-tUS LYSO T T et o 24__¢ ¢ ’ ’ * % 281 o -
E L - -
= 225 1 E 26- °-
_ 2 2 = L i " - @
O-(tDS LYSO — tref) — \/O-tDs LYSO T O o 0L E = 24 F o © N
: : 22 o E
_ 2 2 N —
\O-(tUS LYSO ~ IDS LYSO) o \/O-tus LYSO + O-st LYSO 8 ©  Upsreamprotolype . ig_ - ' 1.5mm thick
16| m Downstream prototype ] 165— o ® 3mm thick

IR N N B
L | | |
-20 -10 0 10 20 40 60 30

Hit position [mm] | ncident angle [deg]

MIP timing resolution ~ 25 ps achieved = much better than target 40 ps
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The University of Tokyo

Future 4™ — ey Experiment : Sensitivity Reach

e Sensitivity projections for three scenarios of # conversion layers (four layers as a baseline)
e Expected performance of detectors

eFive separated stopping targets to further reduce acc. BG using the photon angles measured by the conversion pair

oSensitivity (2 — 3) X 10™13 reacheable with a multi-conversion-layers at > 10° u*/sec

Projected Sensitivity
) > _I | [ [ T T T | [
MEG Il Future Experiment S e 1 layer
Resolutions Achioved Resolutions/efliciencies '% N 4layers
E.. (keV) 20 Pznoton energy 200 keV = — 10 layers
6oV, B, (mrad) 4.1/7.2 Photon position 200 um @ -
Vet » Ze+ (MM) 0.74/2.0 Photon timing 30 ps =2
E, (%) (w<2cm)/(w>2cm) 2.0/1.8 Photon angle 150 mrad S 10%- . e -
iy, Vy, Wy (mMm) 2.5/2.5/5.0 Photon detection efficiency (4 layers) 6% S NG e e -
fery (PS) /8 Positron energy 100 keV m S N 1
Efficiency (%) Positron angle 6 mrad - I
Ey 62 Positron timing 30 ps I _
Ee+ 67 Positron detection efficiency 70 % - e
CTRG 30 Geometrical acceptance 85 %
10_15_|| L] IR B
10° 10° 10
Rate [u/seC]
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