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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 detector & event reconstruction

o View from downstream
Liquid xenon detector

(LXe)

COBRA y - .
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DO Pixelated timing counter g‘
N7 (pTC) :
59 Y foboing t . L 1t hit on CDCH
uon stopping target Hits on CDCH
Cylindrical drift chamber
Radiative decay counter (CDCH)

(RDC)

K. Afanaciev, et al.. Eur. Phys. J. C 84 (2024), 190
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Data collection
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Data collection

stop
M+

Accumulated N

x10"

=
0

18aT1-6 (A. Oya);
19aT2-8 (S. Ban)

{
J

05 No excess observed.

BR <7.5x 1071 (90% C.L.)
04 K Afanaciev. et al., Eur. Phys. J. C84(2024). 216

This analysis
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0 Analysis window

o 483 MeV < E},< o8 MeV

e 522MeV<E, <53.5MeV
e |t,,|<0.5ns

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

E, (MeV)

Analysis strategy

- r_l ! .!'.’-
sfitans 50

R ST et
S e L e
7 = ! -. ._: 1 200

150

e Blind analysis

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

e BR(u — ey) converted from N_,, by number of effectively measured muons k

S1g
o Extended maximum likelihood analysis estimates the number of signal events Nsig
N .
BR(u — ey) = k~NyPXQxe, Xe,

k

G. Feldman, R. Cousins, Phys. Rev. D 57 (1998). 3873

likelihood ordering
o Nsig 90% C.L. upper (lower) limit normalised to BR 90% C.L. upper (lower) limit
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https://doi.org/10.1103/PhysRevD.57.3873

Number of effectively measured muons k

e Count Michel positrons above 50 MeV and correct it

NeI/D
= — X €, X €5 X Corrections = (1.33 £ 0.07) X 1013
BR(u — evv) Pecnonee ditferer _
esponse difference betweenu — eyand u — evu
Last publication with the
2021 data 2021 2022
. . | | S\
Trigger efhciency for (80 £ 1) 0/& i (88+2)% Triggerlogic (21 1) %
H—EeY econstruction updates :
Estimation method update Improvement
. . /\
Trigger eiﬁec\llincy for (91+1) % (91£1)%  Triggerlogic (99%1)%
H Improvement
k (2.64 +0.12) x 1012 (2.76 £0.14) x 1012 (10.5 £ 0.5) x 1012
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Likelihood function to estimate N,

M likelihood analysis estimates
events N,

-xtended maximu

e NUumber of signa

e Number of accidental and RM

—N Nobs -
¥ (Nyig> Naces New) = CVace Newp) X 7= | |Vsig - SG5) + Nace - A,
Constraints based on side-bands = °P8" i=1 Event—by—event probability ¢

.+ SG) + Nace - A + Nenp - RE)

# Peak due to
+ RMD events

Count events in
,, side-bands

+ Ny =36429.54

E, (MeV)

ot ‘ﬁ@?gﬂ? %‘}i@ﬁﬁ'ﬁ

{

D background events, Nacc and Nravp (Nuisance parameters)

ensity functions (PDFs)

Count on-peak events
in E},side-band and

extrapolate it
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t,,(=1,—1,)PDFs

Toy sample with N, = 2,500 and Ny = 2,500

e Signal PDF built based on Averaged projected ¢, PDF
e 1, peakoriginating from RMD events g 09" T T T Tl T I%sl' 'l' —=
A — x lglla ]
. . >, - =
o #pIlC hits (dependingon £,) = 0‘8; o= Accidental | >
~ 2 07 E
G S single - Dominated by 2, resolution (65 ps) 'g 065 -~ RMD .
const O =
\/inC o Ogingle: PTC single counter resolution (110 ps) ~ 055 -
. .- = 0.3 E
B N\ 02 7 | NN N =
| 0.1 -

e Accidental BG PDF modelled as a flat | | | te, (nS)
distribution
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E,PDFs

e Positron momentum spectrum fitted Averaged projected E, PDF

Toy sample with N, = 2,500 and Ny = 2,500

with the function accounting for s F T T T '% — -

. _ . - B S. l |

e [heoretical function I I ~

e Acceptance 2 L A\ | Accidental | -

e Resolution s 030 \ - RMD -

- - \ — Total -

Michel edge fitting -~ Without acceptance function 0.6 \ :

6000} L — \ -

4000~ Double Gaussian 020 -

_ # for detector resolution (91 keV) I \ | -
2000 0 52.5 53 535

_ E. (MeV)

T T 50 55

[MeV]
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E}, PDFs

e Signal PDF built based on response to
5o MeVy

T p—>nn

Dedicated run conducted after physics

~UN

140

0 y 120

O 100

:IllllIIII|IIII|IIII|IIII|IIII.§
0 155 160 165 170 175 180 0

¢ldeg]

e Accidental BG PDF based on spectrum
int,, side-bands

Toy sample with N, = 2,500 and Ny = 2,500

Averaged projected E}, PDF

=
o

Probability (%)

| | | | | |
x% Signal
----- Accidental

- RMD

m% I|IIII|IIII|IIII|IIII|IIII|IIII|-.I_‘I-"‘|I
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Careful detector calibration needed

4 B
e -
0 EO -
e Signal response examined with ™ — yy 3 o 3
D ool 3
4o -
5] I N
o ° E 0.85F | —~— o (PMT only)
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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
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Toy sample with N, = 2,500 and Nycc = 2,500 14

0, =(x—6,)—0 |
Angl e P D FS Qb;, _ (7;_ + ) — ;}/ IA\/Ierlagedl plroljected 0,, PDF

0.7¢ | |

Probability (%)

e Signal PDFs parametrised by the combination of
e Positron angle & vertexing resolutions

oy (mm) 0 . (mm) 0¢,. (mrad) o . (mrad)

0.74 2.0 4.1 7.2

e Photon position resolution

e 2.5-4 mm depending on conversion depth Averaged projected ¢b,, PDF

§ O'SE_NO correction Nsignal |-

e O, vsq@, correctiontakenintoaccount = rincluded - Accidental |
€y €y S 06 -~ RMD =

= 0.5 .

o [helargest systematics: Detector alighnment
e Profiling approach adopted

o Accidental PDFs extracted from,, side-bands o 20% et
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Sensitivity & fitting to 7, side-bands

e [housands of toy samples with a null-signal hypothesis

. o , S99 = 2.2 X 10~ (preliminary)
= Median 90% C.L. upper limit on BR is defined as

e MEGfinal:5.3x 10713

sensitivity e MEG12021:8.8 x 10713
800 N
e Fittor side-bands : -
ey 700 ]
) Eventdistributioninat,, side-band (1 ns <1,,< 2 ns) 600?— -3ns, -2 NS _f
= F | oy 7] B oS T RN TR i -2ns,-1ns] -
= SF U 09995 1 F 22F 80 *, g e o3 5001 -
- sob 0050, < 09995 2ULTEC o 0 o8 0 - [1ns, 2 ns] -
: y) 7 o oo o 2 - .
g 1.8:\ ] o o o0g © _: 400 - -
_ 1.6; o E 300— —
§ 1.4F /j’/ S o o ©° eoo0 o N _L _
E 1.2<_’ ’ % oc> 80 ° o°° ° o ooo _f 200 — =
_; ?0000 Oo o0 o°0 0 5 : E —l_ E
E 100 . -
ol : * ' 0: | |v|v|i | | | | | |YTI_ ITI_I—-I ! ! | | -
3.5 1 -0.9998 -0.9996 -0.9994 -0.9992 —0.999 0 2 4 6 S 10

. 53.
Ranking based on S(X)/A(R) oMV €050 90% C.L. upper limit on BR (x10™%)
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Conclusion & prospects

e Searchfor u — ey withthe MEG Il 2021 and 2022 data
e With a preliminary sensitivity of 2.2 X 1071

16

MEG Il expected sensitivity

e To be published soon! o e N
E;
. . 2010_12 - MEG II 2021 sensitivity -
e Analysisongoing for the 2023 and later data S [ e\En20210% U G it senstivite 0% Gy
. . Q) premmeeN\remememoemememoemesoeoeseeoonio
e Positron tracking (A. Oya, 18aT1-6) - E S N i
e | Xe detector calibration (S. Ban, 19aT2-8) =
0—13— 2024 —
e Higher statistics by data-taking in 2025 and 2026 WIS projectedyg
e Stay tuned!
—14 | | | | | | | | | | | | | | | | |
1077 20 40 60 30
DAQ livetime [weeks]
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Backup

17
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Toy sample with N, = 2,500 and Npce = 2,500 18

R DC P D FS Averaged projected IRDC—y PDF

i 1025_ %Signal
° ° ° ° ° ° ° % E """ ACCidental
e Radiative Decay Counter identifies RMD-originating 2 | ..m
S 10

>48 MeV y by tagging low-energy e gkl
e |mprove separation power between signal and

e P e e e s rrrvrsys i I

accidental background events =N
“ I AANSSNNSNANNA \m\\\ QNN RN NN \ - -‘%\\N\\\‘\ NN
\'-:‘{ / v detector -10 -5 0 5 t (nsl)O
COBRA magnet ““ o
y (RMD)*, . S R L i B e
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" beam  m— - H = N Accidental
NN YTLET g e =i e+spe(:tr()meter = - — Tota 5
VI///I/////I//////////////I//I/II//// //////////////////////I////////I///III////I/////I////////I/A n-‘ B T t l n
e PDFs extracted from time side-bands ‘ NN \\§ :
. . 1071 = =
o Off-peak events can be used to build signal PDFs \\ \\
e On-peak events for background PDFs 102 — §\ 5 S T
Egpc MeV)
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