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分岐比推定手法 

本解析の暫定的な探索感度

JSPS Core-to-Core Program
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 signature and backgroundμ → eγ
2

Signal Accidental background RMD background

Eγ 52.8 MeV <52.8 MeV <52.8 MeV

Ee 52.8 MeV <52.8 MeV <52.8 MeV

teγ = tγ - te 0 s Flat 0 s

Opening angle 180˚ <180˚ <180˚
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Precise kinematics measurement required to distinguish signal from backgrounds
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MEG II detector & event reconstruction
3

Liquid xenon detector
(LXe)

Pixelated timing counter
(pTC)

Cylindrical drift chamber
(CDCH)

COBRA 
superconducting magnet

Radiative decay counter
(RDC)

Muon stopping target
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K. Afanaciev, et al., Eur. Phys. J. C 84 (2024), 190

1st hit on CDCH

Hits on CDCH

View from downstream

https://doi.org/10.1140/epjc/s10052-024-12415-3
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Data collection
4
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No excess observed. 

 (90% C.L.) 

K. Afanaciev, et al., Eur. Phys. J. C 84 (2024), 216

BR < 7.5 × 10−13
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2023

2024

18aT1-6 (A. Oya) 

19aT2-8 (S. Ban)

18aT1-6 (A. Oya) 

18pT3-5 (T. Yonemoto) 

19aT2-7 (R. Umakoshi)

Relavant talks

https://doi.org/10.1140/epjc/s10052-024-12416-2
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Data collection
5
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https://doi.org/10.1140/epjc/s10052-024-12416-2
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Analysis strategy

• Blind analysis 

• To prevent any biases in the analysis 

• Blind box fully covers analysis window 

•  converted from  by number of effectively measured muons  

• Extended maximum likelihood analysis estimates the number of signal events  

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

•  90% C.L. upper (lower) limit normalised to  90% C.L. upper (lower) limit

BR(μ → eγ) Nsig k

Nsig

Nsig BR

6

BR(μ → eγ) =
Nsig

k
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Analysis window 

• 48 MeV <  < 58 MeV 

• 52.2 MeV <  < 53.5 MeV 

•  < 0.5 ns 

•  < 40 mrad 

•  < 40 mrad

Eγ

Ee

|teγ|

|θeγ|

|ϕeγ|

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

k ∼ Nstop
μ × Ω × ϵγ × ϵe

https://doi.org/10.1103/PhysRevD.57.3873
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Number of effectively measured muons k

• Count Michel positrons above 50 MeV and correct it

7

k =
Neνν̄

BR(μ → eνν̄)
× ϵγ × ϵsel × Corrections = (1.33 ± 0.07) × 1013

Last publication with the 

2021 data
2021 2022

Trigger efficiency for 

µ→eγ
(80 ± 1) % (88 ± 2) % (91 ± 1) %

Trigger efficiency for 

µ→eνν
(91 ± 1) % (91 ± 1) % (99 ± 1) %

k (2.64 ± 0.12) x 1012 (2.76 ± 0.14) x 1012 (10.5 ± 0.5) x 1012 

Response difference between  and μ → eγ μ → eνν̄

Reconstruction updates 

Estimation method update

Trigger logic 

improvement

Trigger logic 

improvement
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Likelihood function to estimate Nsig

• Extended maximum likelihood analysis estimates 

• Number of signal events  

• Number of accidental and RMD background events,  and  (Nuisance parameters)

Nsig

NACC NRMD

8

ℒ(Nsig, NACC, NRMD) = C(NACC, NRMD) ×
e−N

Nobs!

Nobs

∏
i=1

[Nsig ⋅ S( ⃗xi) + NACC ⋅ A( ⃗xi) + NRMD ⋅ R( ⃗xi)]
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→  = 364 ± 9.54

teγ

NACC

Count on-peak events 

in  side-band and 

extrapolate it 

→  = 10.1 ± 1.7

Eγ

NRMD

Event-by-event probability density functions (PDFs)

Peak due to 

RMD events
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 PDFsteγ ( = tγ − te)

• Signal PDF built based on 

•  peak originating from RMD events 

• # pTC hits (depending on ) 

• Accidental BG PDF modelled as a flat 

distribution

teγ

Ee

9

Toy sample with  = 2,500 and  = 2,500Nsig NACC
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• : Dominated by  resolution (65 ps) 

• : pTC single counter resolution (110 ps)

σconst tγ

σsingle
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 PDFsEe

• Positron momentum spectrum fitted 

with the function accounting for 

• Theoretical function 

• Acceptance 

• Resolution → Signal PDF

10
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Double Gaussian 

for detector resolution (91 keV)

Without acceptance function
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• Signal PDF built based on response to 

55 MeV  

• Dedicated run conducted after physics 
run 

• Accidental BG PDF based on spectrum 

in  side-bands

γ

teγ

 PDFsEγ

11

π−p → π0n

π0 → γγ

Toy sample with  = 2,500 and  = 2,500Nsig NACC
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Careful detector calibration needed

• Signal response examined with  

• Must correct temporal variations of 

• Energy scale 

• Position dependence of the energy scale 

• Resolution

π0 → γγ

12
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Uncertainty on the energy scale
• Temporal variation dominates the uncertainty of 0.18% 

• 0.3% in the last publication with the 2021 data
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Angle PDFs

• Signal PDFs parametrised by the combination of 

• Positron angle & vertexing resolutions 

• Photon position resolution 

• 2.5-4 mm depending on conversion depth 

•  vs  correction taken into account 

• The largest systematics: Detector alignment 

• Profiling approach adopted 

• Accidental PDFs extracted from  side-bands

θeγ ϕeγ

teγ
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 θeγ = (π − θe) − θγ

ϕeγ = (π + ϕe) − ϕγ
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Sensitivity & fitting to  side-bandsteγ

• Thousands of toy samples with a null-signal hypothesis 

➡ Median 90% C.L. upper limit on  is defined as 

sensitivity 

• Fit to  side-bands

BR

teγ

15

 (preliminary)S90 = 2.2 × 10−13

[-3 ns, -2 ns] 

[-2 ns, -1 ns] 

[1 ns, 2 ns] 

[2 ns, 3 ns]

Event distribution in a  side-band (1 ns <  < 2 ns)teγ teγ

Ranking based on S( ⃗x)/A( ⃗x)

1.3 ns <  < 1.7 ns 

 < -0.9995

teγ

cos Θeγ

• MEG final:  

• MEG II 2021: 

5.3 × 10−13

8.8 × 10−13

49 MeV <  < 55 MeV 

52.5 MeV <  < 53.2 MeV

Eγ

Ee
Blind
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Conclusion & prospects

• Search for  with the MEG II 2021 and 2022 data 

• With a preliminary sensitivity of  

• To be published soon! 

• Analysis ongoing for the 2023 and later data 

• Positron tracking (A. Oya, 18aT1-6) 

• LXe detector calibration (S. Ban, 19aT2-8) 

• Higher statistics by data-taking in 2025 and 2026 

• Stay tuned!

μ → eγ

2.2 × 10−13

16

MEG II expected sensitivity
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Backup

17
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RDC PDFs

• Radiative Decay Counter identifies RMD-originating 

>48 MeV  by tagging low-energy  

• Improve separation power between signal and 
accidental background events 

• PDFs extracted from time side-bands 

• Off-peak events can be used to build signal PDFs 

• On-peak events for background PDFs

γ e
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