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1 — ey as aprobe for new physics

e [ epton flavour conservation is an accidental symmetry in the SM

e The charged-lepton-flavour-violating decay 4 — ey is an interesting probe to
search for new physics beyond the SM
e |ts discovery would be clear evidence of new physics

B(u — ey) ~ 1074 SM + v oscillation BSM models (e.g. SUSY)| B(u — ey) ~ 10-14 = 10712
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u — ey signature and background

Signal Accidental background >  RMD background

Ey 52.8 MeV <52.8 MeV <52.8 MeV
Ee 52.8 MeV <52.8 MeV <52.8 MeV
tey =ty - te Os Flat Os
Opening angle 180° <180° <180°

Precise kinematics measurement required to distinguish signal from backgrounds
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MEG Il experimentinsearchof u™ — e™y

Liquid xenon detector
(LXe)

2 —5%107/sDC ut beam

___________________________
Ve s sl

i R
5 N \\ \

World’'s most intense proton cyclotron (1.4 MW)
e + @Paul Scherrer Institut in Switzerland

S Pixelatec E:Or?'cn)g counter High-intensity DC muon beam

Muon stopping target o . o
PPN 119 Innovative high-resolution detector

Cylmdrlcal drift chamber 1 Eur. Phys. J. C 84 (2024). 190
Radiative decay counter (CDCH) /A(O
y Q\ .

(RDC) — Target sensitivity of 6 x 10714
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https://doi.org/10.1140/epjc/s10052-024-12415-3

DAQ timeline

MEG Il DAQ planned

x10% until 2026
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> 0.8 2024 g ------ —
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0.6 Shorter DAQ time —
due to cryoplant failure at PS| _
04 —
0.2 Future project for u — ey search:
18pEK104-2 (R. Sakakibara)
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DAQ timeline

MEG [l DAQ planned

x10% until 2026
- L L L R B B L B L L B B L B L B B L R R
wz 1.4: -
T 12F —
E - _
= —
Latest result with 2021-2022 dataset: arXiv:2504.15/711 =

. sre : ~13 MEG (2009-2013)
e Highest sensitivity to date: 2.2 X 10 . Sensitivity: 5.3 x 10-1

e No event excess observed . Upper limit BR < 4.2 x 10-13
e Yield the most stringent upper limiton BR < 1.5 x 10~1%(90% C.L.)

).4

EFuture projectforu — ey Searché

18pEK 104-2 (R. Sakakibara)
L | | o e AR

Dec/22 01/Jan/24  31/Dec/24  31/Dec/25
Mon Sep 15 16:00:14 2025 Date

:
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https://arxiv.org/abs/2504.15711

Results

~13
Data (357 events), Ny (360.9), Ngarps (9.7) ® BR(u — ey) < 1.5x10

g 35F I L B e e e IS % Pdp——TT1 T T T T T T T %102 L B (90% COL.)
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Detector improvement from MEG

MEG [44]
1n this work

MEG II achieved

Resolutions

E, (%) (wy <2cm)/(wy >2cm) 2.4/1.7 2.4/1.9
Uy, Vy, Wy (Mm) 55,6 —» 2.5,25,5
4 (DS) 67 [43] 63 /
E. (keV) 380 —» &9

Oe, ¢ (mrad) 04, 8.7 6.2,5.2
Ze> Ye (IMM) 2.4,1.2 1.76, 0.61
te (PS) 102 [43] —> ~40

tey (PS) 122 ——— 78 -
Efficiencies

gy (%) 63 63

ge (Y%) 30 — 67

eTRG (o) ~99 91
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:: B T T | T T T | ]
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0.001 5/ —— MEG 2009-2013 _:

B | — MEG II 2021-2022 |

046 48 50 52 54 56
E,[MeV]
¢ [T T T T 7 T T T T 17 T T 17 T 1 1T T T T 1 T T T 1 | T T 1
% 16F i
b o Sharperpeak
: o
o**'ﬁ**:“:’ _
o
lw%@&%%w?':'-"b% SO R e
0.8~ ;t—a»evyysanuﬂe =
0.61 ——— MEG 2009-2013 E
0.4 -
—o— MEG II 2021-2022
02 N
0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
15 -1 -05 0.5 1 1.5

t, [ns]

Kensuke Yamamoto

80th JPS Annual Meeting

16 Sept. 2025



Background much reduced w.r.t. MEG

e Detector performance improvement — x2.4 sensitivity improvement
e Comparable statistics: 1.71 X 10'%in MEG full dataset vs 1.34 x 10 in MEG 11 2021-2022

MEG 2009-2013 MEG Il 2021-2022
; 58E 3 %‘I 58E 1 1 1 1 [ 1 1 1 1 [ 1 1 1 1 | —
L = STF
& 56F > SEElS 1
55F 551
54F 1 54
- - 0
53F 53F
52 0 52F
e 51—
51E - -1
S0% -1 50
49 49}
I 21 I I | I _ 4 - I I | _
185 525 53 53.5 2 3 52.5 2
E,[MeV]
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Towards next searches

x10"
g_‘ . 1 4 B I | I I I I I I I I I I I I I I I I I I I I I I B
» . — _
. - -
o 12 —
= - _
= 1 DAQ in progress ~
g 2 5 higher statistics foreseen than 2021-2022 -
8 o | 2024 """ —_
< - o034 @ _
0.6— Shorter DAQ Eime —
B due to cryoplgnt failure at PSI _
04— —
- — 17aEK104-6 (S.Ban)  i-
0.4, Analysis In progress | 117.¢1104-7 (R. Umakoshi) i -
B §i-8p£<iO4 1 (W. L|) E:
O | | | | | | | -------- I- ------------- I-""I --------- I""-I-""I-I

3 an/2< ec/24 31/Dec/25

Mon Sep 15 16:00:14 2025 Date

Kensuke Yamamoto

80th JPS Annual Meeting

16 Sept. 2025



11

Run 2025 with issues in 2024 resolved

e [wo bigchallenges inrun 2024

e A magnet for u beam could not be operated due to no LHe supply from PSI
e Xe leakin LXe photon detector

e Both solved — Statistics have been stably accumulated in run 2025!

Light distribution for LED

14/Dec./2024 8/Sept./2025

e New Xe added
e No more leak
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Positron efficiency & beam intensity

e [ransformer-based positron track finding developed

= Positron efficiency improved by O (10%), especially at higher beam intensity

= DAQ at higher beam intensity (4 — 5 X 107/1/8) since this year’s run
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Filter out pileup hits

ML inference
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Conclusion & prospects

13

e [he MEG |l experiment has been taking T T )

physics data since 2021 \T?:m-“ B _

% E A MEG final sensitivity (90% C.L.) E

e Thelatest result based on 2021-2022 - e e i,

dataset: i MEG final 90% UL )

e BR(u — ey) < 1.5x1071°(90% C.L.) - :

e Most stringent upper limit to date ol e .

e DAQ will continue until 2026, reaching - 21:2026 -

a target sensitivity of 6 X 10714 + ey -

. Not only taking data, but also further | #10 of sensitivity )

improving analysis methods for better » wRoofsenstviy |

sensitivity than 6 X 10714 1% 20 40 60 80

DAQ livetime (weeks)



Backup
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Event-by-event examination for the 2021 data

e 2021 datareanalysed with new reconstruction algorithms and calibration
e Confirm this update improved our sensitivity

9 58: | I | | | | I 1 1 1 1 | 1 a /a i I | | | I | | | I |
L 57:_ 4 Current ] = 0.6 —
s = Notinthe previous + A Currentonly |- & Ranking based on relative -
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Improve, resolution for pileup events

e Pileup photon made the main
bhoton timing be 2 of | e
reconstructed later by 1.8 ns  g200; o
=0
£600F

e Photon timing reconstruction -
improved for pileup events .
e Limited # photosensors used 4
for L, reconstruction

=
T T T

e Update photosensor selection
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Exchange muon stopping target in 2025

e A source of systematic uncertainty: Temporal variation of target deformation
o Another observation: Degree of deformation increased over the years

e Morerigid Beryllium target installed since run 2025

Berylliumvvith a thickness of 93-95 pm
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Beamline components

Mylar Degrader
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Fixing liquid xenon leakage
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Tighten inner vessel nuts

Vacuum

LXe

16 Sept. 2025

80th JPS Annual Meeting

Kensuke Yamamoto



