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Abstract

o Asearchforu™ — e ywiththe 2021-2022 MEG Il dataset

e Statistics are higher by afactor of 5 than those for the first MEG |l result
o Maintaining excellent detector performance over long-term data-taking

e \With algorithm updates in photon reconstruction

e The sensitivity is the highest ever: 2.2 X 10715
o Better by afactor of 2.4 than that in the MEG experiment

e No signal was found
e The most stringent upper limit set to B(u™ — e™y) < 1.5 x 1071°(90% C.L.)
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Timeline and my contribution summary

Master’s course

> <

Doctoral course

2019 2020

2021

2022

2023

2024

2025 2026

MEG [I commissioning runs

Achievement summary

- RDC operation and quick feedback to beam
e Feedback to LXe detector calibration DAQ
.o New photon pileup unfolding algorithm

iIncreased signal efficiency by 2% and

reconstruction reliability

e RDC analysis updates increased detection

MEG |l physics data-taking

e | Xe ydetector

e 4 /60 photosensors

e Lnergyscale

&

Detector calibrations:

MEG Il first result released

aper published in Feb. 2024)

Analysis updates:

e Photon and RDC reconstructions

*

MEG Il 2021-22 result released
(Paper submitted to PRL in Apr.)

efficiency by 1/% e RDC o .
g . ; Likelihood analysis
e Photon energy scale uncertainty suppressed N N
down t0.0.18% thanks to careful calibration tosearchforu™ — ey
PhD Defence 20 Jun. 2025
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Physics behind u™ — ey

e [he Standard Model of particle physics has achieved remarkable success so far
e But, considered as a low-energy approximation of more fundamental theory

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) ~ 107> SM + v oscillation SUSY models|  B(u — ey) ~ 10712 — 10714
Y
Y
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ut — ety 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

Kensuke Yamamoto PhD Defence 20 Jun. 2025



Keys to accidental background suppression

2 2 2
Nacc x R, - o - 0 - 0, - %,,

Continuous beam Detector resolutions Active background tagging

High-energy RMD photon tagging

0.9<y(=2E,/m,)<10 by detecting accompanying low-energy positron
x10~
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MEG Il apparatus & reconstruction overview

View from downstream

COBRA |
superconducting mag
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y

High-intensity DC muon beam x Innovative high-resolution detector
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Positron spectrometer

e Designed to detect 52.8 MeV positrons under a high-rate environment

e Superconducting COBRA magnet
e Constant bending radius of positrons
e Provide gradient magnetic field (0.5-1.3 T)

e Single-volume cylindrical drift chamber (CDCH)
e Ultra-low-mass design
e \Wires arranged in a stereo configuration

e Pixelated timing counter (pTC)
e /56 scintillation counters in each sub-module
e Multiple hits improve resolution Osi

single
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Homogeneous liquid xenon photon detector

e 900 L of liquid xenon
e 4 /60 VUV-sensitive photosensors (4,092 MPPCs + 668 PMTs)

e Reconstruct photon kinematics

-

¢ X, anad Ey based on scintillation light distribution

o I, based on detected pulse timing

Scintillation light distribution

12
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Radiative decay counter

e Detect low-energy positrons to tag high-energy photons detected by LXe detector
e Measure
e Positron timing frpc With plastic scintillators ana

e Positron energy Eppc With LYSO crystals

Pos}tron hits at the edge of RDC

\‘ / v detector
COBRA magnet :

(l\.\ll))
| e (RMD) RDC

1 beam | e 4"[|
et (Michel)
.{ .................. _\_ e spectrometer

///////// e, 10 % 3 ‘g)nergy (i/(l)eV)
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Pileup unfolding: a nutshell

16

e Template waveforms f are fitted to the sum of measured waveforms V by minimising

— Y f(7; A Ti)>2

(Vo -3
)(\%/f = Z J sz( T) dr

MPPC,PMT

A, T) with three

pulse’ _____ Al
Amplitude Timing

o Initial parameter set (n

techniques

o \Waveform processing
o Scintillation light distribution
e ADCssignhal « NEW

e Calculate E},only for the main pulse

e Eliminate pileup pulses

Amplitude (a.u.)

An example of 71 j¢e
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Pileup unfolding algorithm improvement

e Fit convergence improved thanks to better pulse discrimination
e Simultaneous fit to use PMT timing information

e Eventfraction with \arger)(vzvfthan threshold: 2-3% = <1%

° R@COﬂStrUCtIOﬂ re“ab'“ty %2002_ _________________ _________________________________________ ......................................... ................................ _; ; .................. ........................................ ........................... -------------------------------- ;

e Signhal efficiency improved by 2% o R
o (92+2)% — (94.2+0.5) % B N

0 0.2 04
Time (S)

><10_6

Main Gamma

. 4
Time (S) ’ Time (s)

Main Gamma
04

><10_6
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Pileup unfolding algorithm improvement

e ADC signal (originally for trigger) newly introduced

e Better identification and energy reconstruction in an event where pileup photon
comes before the DRS time window

250
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RDC reconstruction: a nutshell

e SIPMs attached Plastic scintillator,
e At both ends of the plastic scintillator LYSO crystal \ |\
e Onthe back side of the LYSO crystal 11
e Hitsreconstructed in each scintillator e
independently

e Matching based on position and timing ZmEG |yMEG |
{

XMEG

e Lower “tagged-RMD fraction” than MC in

the 2021 dataset analysis
e Measurement (22%) vs Expectation (32%)
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RDC detection efficiency improvement

e Detection efficiency improved by 1/7%
e [hanks to offline waveform filter
e [agged-RMD fraction improved as well

Tagged-RMD fraction as a function ofE
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300

Analysis strategy

S Analysis window
R L U8 MeV< B, <58 MoV
B . 500 Mev< B, < 535 Mev

B e |5, <0.5ns

10 6, | <40 mrad
o || <40mrad

e Blind analysis
e [0 preventany biases in the analysis
e Blind box fully covers analysis window

e
L(Nsig» Naccs Nrmps X1) = C(WNVacc> Nrmp» X1) X N H NgigS(X) + NaccARK) + NRMDR(X)
Gaussian constraints obs* ;1

o Nsig converted to B(u — ey) by number of effectively measured muons k

e Confidence interval calculated by the Feldman-Cousins approach with profile-
likelihood ordering

o Nsig 90% C.L. upper (lower) limit normalised to ‘B 90% C.L. upper (lower) limit
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Probability density function
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e “Event-by-event PDFs” to
account for dependences
on resolutions
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Performance summary
MEG [44] MEGII firstresult MEG 1II achieved
in this work

Resolutions
E, (%) (wy <2cm)/(wy >2cm) 2.4/1.7 2.0/1.8 2.4/1.9

y | Uy Ve Wy (mm) 5,5,6 » 2.5,2.5,5 2.5,2.5,5
ty (ps) 67 [43] 65 63
E. (keV) 380 > 90 39
Oc, ¢ (mrad) 04, 8.7 7.2, 4.1 » 6.2,5.2

| ze, ye (mm) 04,12 2.0,0.7 . 1.76,0.61
te (PS) 102 [43] > ~40 ~40
tey (PS) 122 > 84 78
Efficiencies
gy (%) 63 62 63
Ee (%) 30 > 67 67
e1rG (%) ~99 30 » 91

*This discussion to be added in Chap. 7 24
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Performance summary
MEG [44] MEGII firstresult MEG 1II achieved
in this work

Resolutions
E, (%) (wy, <2cm)/(wy >2cm) 2.4/1.7

y | Uy Vys Wy (mm) 5,5,6 » 2.5,2.5,5 2.5,2.5,5
ty (ps) 67 [43] 65 63
E. (keV) 380 > 90 39
Oc, ¢ (mrad) 04, 8.7 7.2, 4.1 » 6.2,5.2

| ze, ye (mm) 04,12 2.0,0.7 . 1.76,0.61
te (PS) 102 [43] > ~40 ~40
tey (PS) 122 > 84 78
Efficiencies
gy (%) 63 62 63
Ee (Y0) 30 > 67 67
e1rG (%) ~99 30 » O]

*This discussion to be added in Chap.7 25
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Photon energy resolution evaluation

e 55 MeVyfrom ¥ — yy used

e MPPC non-linearity suspected, but not fully understood
e Thermal annealing recovered PDE from 6% to 14%

2021:2.1%/1.8% 2022:2.4%/1.9%
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Careful detector calibration needed O

EO 1.05: I I I g_ I I I é:.O5§g
e Signal response examined with 7z — VY B o
e Must correct temporal variations of |
e Energyscale S v | I
<|: [ | —©&— Correction function | i

27/Jul/22 26/Aug/22 25/Sep/22 25/Oct/22 24/NOV/22 2 /Dec/' 2

e Position dependence of the energy scale s w0
e Resolution
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Uncertainty on the energy scale

e [emporal variation dominates the uncertainty of 0.18%
e 0.3% inthe last publication with the 2021 data

Temporal variation during the physics run Connection between the physics & 7% run
8 24__I I I I I I I Ih(lfwI A : ﬁ FT T T 7
'E 22f_| | ] Entries s0{] E 5 450:_ — Raw
S 20- 176Mevy | o aporsr} 5 2 a00-
o s 2021 0.14% 2021 0.11% 0,
2 2022 250
10> . E 2022 0.11% ; 2022 0.14% 200
8E | E : 1505
va B ﬂ E ' 1001
41— -] -
2F = . S0F
8: L ’—!—l PTII R . I I 0;._“11#1._,._.. oo ey e T =
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Other remarks on E}, PDFs

29

’é B 0 |0I 1 0
= 60
e Strong depth dependence on resolution 2 | 6
= Segment fiducial volume for event-by-event PDFs 401, -
: : : 1 _
e Accidental BG PDFs based on time side-band data 1 .
e Parameterised with MC + cosmic-ray + acceptance i
0
w005 . - S ———— 12
tDLu().()45 i— —i %: 103 = _._ g?}ti)l.loton component E 20_ 14| 15 16
0.04 i— = ; ,,,,,,,,,,,,, ;:E;mf':nﬁlyo;omp onent ~“ i3
0.035 i_ - ::) 10 ) _ Sum function (fit range) | | _
o.osg —+— & | 401 -
7 - (19 20 21
- 10 = _
0.0257% L E : EEs 18
0.015; —i 1? J‘H‘rﬂ{ L1 |||||1||||||||||'
0.015 S0 s 20 '2'5: 0045 005 0055 006 0.065 0 10 20 30 10
Depth (cm) E, (GeV) w (cm)
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E,PDFs

e Based on fitting to edge of Michel spectrum

(TMichel X ﬂe) ® gEe

30

_— Resolution function
for signal PDF (89 keV)

_— Accidental BG

= T ]
«P)
> :(b)
£ 6000 —;
S | %2/ ndf 145.8 /110
> B fracl 0.67 +0.01
.E _ meanl 0.010 +0.002
= 4000 sigmal 0.091 =0.002
= - | mean2 ~0.061 = 0.009
i sigma?2 0.255 = 0.005
frac3 0.048 +=0.003
2000__ mean3 -1.0 0.1
i sigma3 140 =0.03
0 | . | I 14_.4-—47/#.‘/.’;
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RDC PDFs

e Signal PDF
e Accidental Michel e detection

e Accidental BG PDF
e RMD e + accidental Michel e detection

(-

Probability density / (ns)
[
=

—
<
()

31

Non-detected events
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----- Accidental

A 777770 A 777 A v i ) | e

-10 ( 1)0
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é 3000 Matched - g | Ii o S | %\\ Sj |
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Normalisation k
e Count Michel positrons above 50 MeV and correct it
evy 24
Kfichel = al — X €, X 8TR_G x Corrections = (1.34 + 0.07) x 10"°
B(u — evn) T e, ciooteteoees

Difference betweenu — eyand u — evv

e Photon efficiency £, Improvement

e Analysis efficiency improvement (92+2 % — 93+1 %)

. . ey
e Irigger efficiency ETRG update

e |[mprovement in direction match trigger efficiency estimation: MC-based — data-driven
o 20271 dataset: 80+1 % — 88+2 %

e |[mprovement in trigger logic
o 2021 (88+2 %) = 2022 (91+2 %)

32
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Sensitivity & fit to side-bands

e [Nhousands of toy samples with a null-signal hypothesis
= Median 90% C.L. upper limit on B is defined as

Sop = 2.2 x 10713

e MEGfinal:5.3x 10713

sensitivity + MEGI12021:8.8 x 10713
400_ ' ' ' [ ] ' ' | ' ' ' | ' ' ' | ' ' ]
. . . — : — Pseudo experiments a
o FittO Loy side-bands for sensitivity cross-check 3500 JLI ________ etionfo st expeimens |
E i — [-3 ns, -2 ns] E
300 :_ i — [-2 ns, -1 ns] ;
250 :_ | ; L —— [1mns,2 ns] E
E i — [2ns,3 ns] E
200 ' =
1503— —|7_|_L —f
100~ -
50( . LLT =
B : L _
| A JFEEEL A /N i N -
0 2 4 6 8 10

90% C.L.upper limit on BR (x10™")
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Unblind results: Event distribution

e No signal excess observed

n
*

n

6
33
54
33
52
51
50
49

3

E, [MeV]
N
3

: 1 1 1 1 I 1 1 1 1 I 1 1 1 | I | :

3 Signal contours = ,

3 R (1o, 1.640,20) -

3 A=

3 3 -1

E [ 1 ; 1 1 ] l I | | E

2 35 Z
E,[MeV]

Colour bar: Relative signal likelihood
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It results & confidence interval
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Unblind results
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Discussion: Sensitivity improvement w.r.t. MEG

e Background suppression thanks to resolution improvements

e Similar statistics
e k:1.71 x 1013 (M

“G)vs 1.34 x 1012 (M

-G 11 2021-2022)

*This discussion to be added in Chap. 9 37

e [hanksto positron efficiency improvement and stable data-taking

MEG MEG Il 2021-2022
(§QQ.' E| T l T T T T l T T T T IE % 58E T T |O| | | 3 % 58§ T T T T [ T T T T [ J J J v | r
S 355 —— MEG II 2021-2022 - S S7F = = S E
I B i - - >~ :_ E
3| MEG 2009-2013 =  56F E P R S6p :
- . 555— 55 —
25 — - - .
- . 4 1 S E
20 B 530 0 53 -
- . C o - .
155 = 520 0 521 E
- . Eo 51;_ 5
- —] 515 - 1 -1
- T ] S0F- —-1 S0 e
0o 7 e E 495 49F- =
0" . 10712 Eo 90001 0%% il < TR B
| | | | | | | | | | | | | | | | | | | T_XIO E 4%2 2 4§2 53.5 2
0 0.1 0.2 03 - E, [MeV]
Branching ratio ) ‘
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Discussion and prospects

e Der
as s

nonstrate sensitivity improvement

‘atistics Increase

e With careful calibrations
e Encourage long-term data-taking

e Statistics increase expected by a
factor of 2.6 with the 2021-2024
dataset

e Plantotakedatain 2025-2026
e Willreach6 x 1014

e Fven below with analysis improvements

10—13

1074

38

et

e

et
e

MEG final sensitivity (90% C.L.)

MEG final 90% UL
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Conclusion

o Asearchforu™ — e ywiththe 2021-2022 MEG Il dataset

e Statisticsis higher by afactor of 5 than that for the first result

e New photon pileup unfolding algorithm increased signal efficiency by 2% and
reconstruction reliability

e RDC analysis updates increased detection efficiency by 1/%

e Photon energy scale uncertainty suppressed down to 0.18% thanks to careful
calibration

e The sensitivity is the highest ever: 2.2 X 10713
e Better by afactor of 2.4 than that in the MEG experiment

e No signal was found
e The most stringent upper limit set to B(u™ — e™y) < 1.5 x 1071°(90% C.L.)

Kensuke Yamamoto PhD Defence 20 Jun. 2025



Backup

41

Kensuke Yamamoto

PhD Defence

20 Jun. 2025



42

u™ — eyin SUSY models

dB(u™* — e™y)

= 19277 |AR|2(1 — P cos 0,) + \AL\Z(I + P cosH)

d(cosd,) = Lermemeeeeefieeeesn metien e e Blnnn s
SUSY-seesaw SU(5) SUSY-GUT
e Slepton mixing only in left-handed slepton sector e Slepton mixing only in right-handed slepton sector

= Ap # 0andA; ~ Ofore™ (ie. Right-handed e™ emitted) = A, ~ 0andA; # Ofore™ (i.e. Left-handed e™ emitted)

,q} -~

_I.R 'R

/ ‘,v-‘--\e '

/’ \\

7’ ~

g

/7 \
/7 \
\

M Y

e Slepton mixing in both left- and right-handed slepton sectors

= A, #0andA; #0

SO(10) SUSY-GUT
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ut — ety and CLFV channels with muons

e No CLFV discovery so far

Complementary to each other

43

>
=
; Chronology of upper limits on CLFV processes L —
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Keys to accidental background suppression

o L £, Tl Y,
Detector resolutions
52.8 MeV 52.8 MeV
E, spectrum E, spectrum
.2 2: | | | | | | | | | .2 10_1 | | | | | | | | | | |
= 1.8 - =
=1} — =1 ))
S 160 - £
£ r =107 =
= 1.2~ —] =
=R =
s 1F — =
= - =
é 0.8:— — é .
= 06F = R 107 E
0.4 -
0.2 -
0: | | | | | | | | | | | | | | | | | | | 10—4 | | | | | | | | | | | | | | | | | | | | |
0 0.2 04 0.6 0.8 1 0 0.2 04 0.6 0.8 1
Normalised positron energy (x) Normalised photon energy (y)
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Muon beam and stopping target
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Positron spectrometer

e Designed todetect 52.8 MeV positrons under a high-rate environment

e Consists of

e Superconducting COBRA magnet
e Provide gradient magnetic field -
o Constant bending radius

e Quickly sweeps positrons at 8@ ~ 90°
e Cylindrical drift chamber (CDCH) fo0 e w0 w0 2 ¢ @ @ e s 00
e Pixelated timing counter (pTC)

05T 1.3 T

e Positron kinematics reconstructed based on
e Positrontracksin CDCH (= p,,X,.0,, ¢, and
e PositronhitsinpTC (=1,

46
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Cvlindrical drift chamber (CDCH

e Single-volume cylindrical drift chamber
e ~12 000 wires arranged in a stereo configuration

| i |
,—40_' . T ) N R .+ ° |Z=4+0.0[mm]

120
110

100
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Pixelated timing counter

e /56 scintillation counters in each sub-module
e Multiple hits improve resolution

Gsingle
O, —

e

inC

L=120 mm

-' , -’ L

Optical fibre
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Scintillation light emission in LXe

Recombination process

WwWith a time constant of 45 ns Absorption in H,O-doped Xe Absorption in O,-doped Xe
Xe+ ~+ Xe —> Xe+ 1 1 100 ppb
2 o u:..=: ...... —: D:-gz::-llllllllllllllllllIIIIIIIIIIIIIIIIZIOI(I)IFI)LII;IE
* — % R o :
Xej +e” — Xe™ + Xe, e o e
Xe** — Xe* + heat. . | . e 200 ppb c 000000, 0 P
? — ov N = 10 ppm 990000,
* * — LA = - 10_1 - =
Xe* + Xe + Xe — Xe, + Xe, — 10k ; | ;
. : OOOOO;; vvvvvvvv i - _
Xe, — 2Xe + hv, [ T e, R
L Qoo 000000001 0 opm T
10'2 ....|....|....|....c|)oc.)°c.’°9.|.... 10-2....|....|....|....|....|....|....|....|....|....
0 10 20 30 40 50 60 0 10 20 30 40 50
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7V calibration

g IEEEEEEEEEEEEEEEEEEEEEEEEEE N,

« PMT

Target insertion tube

U beam

LH, cell

-<

Pre-shower counter

S
]

BGO calorimeter
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Trigger

Label

Logic

E, trigger
Time coincidence trigger

Weighted sum of all photosensors in the LXe detector
Time coincidence of pTC hit and L Xe hit

DM trigger Back-to-back hit positions in pT'C and LXe detector
MEG trigger (E, trigger) A (Time coincidence trigger) A (DM trigger)
Random trigger Random timing

LED trigger Signal from LED driver

a trigger Pulse shape discrimination using outer PMTs

Neutron generator trigger

Neutron generator signal

pTC laser trigger Laser pulser signal

pTC self trigger nprc = 1

RDC LYSO self trigger  One or more hits in RDC LYSO

BGO self trigger Weighted sum of all PMTs in the BGO calorimeter
70 trigeer (E, trigger) A (BGO self trigger)

A (Back-to-back photon positions) A (Time coincidence)

E, . MeV)

51

—a— 2022

——o— 2021 before optimisation

—+&— 2021 after optimisation

|
Ll

T ——
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Efficiency

0.4F

52

03f Dataset DAQ frequency in 2021 DAQ frequency in 2022 Time comsumption
0.2;— : B5E Al DAO fract Random trigger data 2 day ™! 1 day ™! 10 min
o1f E B Physics DAQ fraction LXe LED data (long) 1day™* 3 week ™! 40 min
. - i | | -1 -1 .
30/Sep/21 30/0ct/21 27/Jul/22 26/Aug/22 25/Sep/22 25/0ct/22 LXe LED data (short) 1day 4 week 10 min
Date LXe weak LED data 3 week ™! 30 min
LXe a-particle data 2 day~! 1 day~! 10 min
o0 I m — . m Cosmic-ray data 1 day™! 3 week ™! 10 min
‘g 0.9F 1E- d g . = 9 MeV photon data 3 week ™! 3 week ! 15 min
g 0-82-5 g z— ’ ‘ —; 17.6 MeV photon data 3 week ! 3 week ™! 1 hour
X "-ﬁ‘é E = . — pTC laser data 1 day ™! 3 week ™! 10 min
2 0.6k £ = E
S fe— - =
D 0SF e « o — 3
£ F . e - -
D 04F — N
O | & - -
= o3 wi = .
A - -
0.2fF ¢ — —
C 9 — -
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Ghost track selection

e Rating the ghost tracks is improved by adding information on the last half turn

Entries

X

(Y

—
W

20
18
16
14

12
10

N = N R

—— OlId ghost selection
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Pileup unfolding algorithm

Background photon sources

Radiative M D
adiative Viuon Lecay Annihilation InFlight - Coincident multi-y event
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Pileup analysis inefficiency

10000.00
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RDC detection efficiency improvement

Lower pulse search threshold for plastic scintillators

e Offline noise reduction methods allow for a
halved pulse search threshold

W .
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RDC detection efficiency improvement

e Detection efficiency improved by 1/7%

hanks to o
Tagged-RM

fline waveform filter
D fraction improved as well

Hit rate map in plastic scintillators Tagged-RMD fraction as a function of Ey
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Photosensor calibration in LXe detector
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C miscabling
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Detector alighment

(a) 2021.
Sub-detector ox Oy 02
Magnetic field Sect. 6.4.2 (100« 100) pm (700 +200) pm (300 = 100) pm
Muon stopping target Sect. 6.7.1 (80 +100) pm (860 + 100) pm (500 + 100) pm
LXe detector Sect. 6.7.2 No evaluation No evaluation (540 +410) pm
(b) 2022.
Sub-detector 0x 0y 0z
Magnetic field Sect. 6.4.2 (100 +100) pm (700 +=200) pm (300 + 100) pm
Muon stopping target Sect. 6.7.1 (80£35)pm (240 £35)pm (570 £ 100) pm
LXe detector Sect. 6.7.2 No evaluation No evaluation (560 +290) pm
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,, offset calibration

RMD fitting: nTC =1

Events /(0.1 ns)

RMD fitting: nTC =4
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MPPC non-linearity

55MeVin 2021

55 MeV in 2022
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Analysis strategy

0 Analysis window

o 48 MeV < Ey< o8 MeV
e 522MeV<E, 6 <53.5MeV

E, (MeV)

- r_l ! .!'.’u
b . : - -'-- Egl 250

e Blind analysis
e [0 preventany biases in the analysis
e Blind box fully covers analysis window

R NI A
e, L R I

[EE IR S 200
]

150

e |0,,[<40mrac
o || <40 mrad

e Maximum likelihood analysis estimates the number of signal events /V;,

o NSig converted to B(u — ey) by number of ?\;‘fectively measured muons k

sig

k

B(u — ey) =

e Confidence interval calculated by the Feldman-Cousins approach with profile-
likelihood ordering

o Nsig 90% C.L. upper (lower) limit normalised to ‘B 90% C.L. upper (lower) limit
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Maximum likelihood fit to estimate N,

What we want to estimate

Nuisance parameters

o ® o X2
L( sigs Nemps Naces X1) = exp [ 2;2] &I Profiling for angle PDF uncertainty
T
(Nrmp — <NRMD>)2 (Nace — <NACC>)2 . .
X exp 5 X exp - S orrnrnannnsas Gaussian constraints
208Mp 205 ¢c
e—N Nobs
x—— [ | [ VeSE) + NewpRE + NACCAG| Extended likelihood
obs* ;_1
. PDFs (X)) R(%).A(Z)) Observables X,
- Event-by-event PDFs to account for some | . E, . 1, ¢« 0, e IRpCy
dependences on resolutions '
""""""""""""""""""""""""""""""""""""""""""""" ¢ Ee ¢ inC ¢ ¢ey o ERDC
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Side-bands and background estimation

e Side-bands defined to study background

o (Nace) and (Npmp) estimated with side-bands

9 s T it o) 5y ___{_;ﬂ:irlv“ -:_.:;}- A -.'-:"'-"' - | g

. S sopei i T AL i [0 1026001 # peakdueto 1 Counton-peak events
Counteventsin SR A e Gigpaaiid lygy S 24005 t RMDevents 7 inenergy side-band and
time side-bands T LR g oo JF :

RN 1 extrapolate it
N — S4 AR - .

50

43—

-
-
------
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Ey resolution uniformity
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t,, PDFs

e Signal PDF based on

Averaged projected PDFs

1O] ' / 7 OF ' | | < :
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0 =(—0)—0
ey e y
Angle PDFS ¢e;/:(ﬂ+¢e)_¢y
e Signal PDFs parametrised by the combination of
e Positron angle & vertexing resolutions

oy, (mm) o0, (mm) o0y, (mrad) o, (mrad)
0.61 1.76 5.2 6.2

e Photon position resolution
e 2.5-4 mm depending on conversion depth

e 0,,vs@,, correlation taken into account

e [helargest systematics: Detector alignment
e Profiling approach adopted

e Accidental PDFs extracted from time side-bands
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Combined angle resolutions

Signal 6, per-event resolution Signal (I)ey inner resolution
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Unblind results: Confidence interval

e No signal excess observed
e Set an upper limit on the branching ratioto 1.5 X 10713 at 90% C.L.
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2021 data
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