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Introduction to μ → eγ

•  search by MEG II experiment 

• LFV, forbidden in SM 

• Predicted in BSM, e.g. SUSY 

• MEG II target sensitivity  

• Signal & background characteristics

μ → eγ

∼ 6 × 10−14
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SUSY-GUT  SU(5)
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MEG II apparatus
3

K.  Afanaciev, et al., Eur. Phys. J. C 84 (2024), 190
Proton cyclotron @PSI (~2.4 mA)

Most intense DC  beam at Paul Scherrer Institut 

Stopping rate 

μ
+

R
μ

= 3 − 5 × 107
μ/s

Liquid xenon calorimeter 

(LXe)

https://doi.org/10.1140/epjc/s10052-024-12415-3
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Liquid xenon (LXe) calorimeter
4

900 L liquid xenon 

• High stopping power (  = 2.8 cm) 

• High light yield (46,000 photons/MeV) 

• Fast response (45 ns decay time)

X0

MPPCs

PMTs

4,760 VUV-sensitive photosensors 

4,092 MPPCs + 668 PMTs

1.5 x 1.5 cm

2 inch

K. Ieki, et al., Nucl. Instru. Meth. A 925 (2019), 148-155

γ

×

EM shower

Scintillation photons

https://doi.org/10.1016/j.nima.2019.02.010
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MEG II DAQ and analysis status so far
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Physics data taking from 25 Sept. 2021

 

 (90% C.L.)

S2021 = 8.8 × 1013

BR < 7.5 × 10−13

 (preliminary)S2021+22 ∼ 1.9 × 10−13

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

https://doi.org/10.1140/epjc/s10052-024-12416-2
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Energy reconstruction flowchart in LXe calorimeter
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Waveform analysis

Distribution of number of impinging scintillation photons

E
γ

= Nsum × S × T(t) × U( ⃗x
γ
)

Concept: Summing up all impinging scintillation photons & converting it

*Single -ray assumedγ

Multi-  eliminationγ

DRS waveform 

(1.4 GSPS)

∑ (Npho × weight) Conversion factor + Correction table

Conversion



23 May 2024Kensuke Yamamoto 20th International Conference on Calorimetry in Particle Physics

Necessarity of multi-photon elimination
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Multi-photon elimination algorithms
8

Peak search in spatial distribution Peak search in temporal distribution
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Pileup analysis: Summed waveform analysis
• Concept: Pulse unfolding with summed waveform template fit
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Seed pulse detection in multi-photon events
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Differential waveform sensitive to multiple peaks
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γSingle Pileup Coinc. Unused Fit failure
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Preliminary multi-photon analysis performance

• Number of background photons in analysis region reduced by 34% 

• Signal efficiency: 95% due to detection of fake peak in spatial distribution 

• Based on signal  MC sampleγ

11

DiscardedUsed

Analysis region
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Energy scale calibration datasets
12
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Energy scale factor & uniformity calibration
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E
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= S × U( ⃗x
γ
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Energy scale history calibration datasets
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Energy scale history calibration
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Energy resolution

• Energy resolution evaluated with 55 MeV 

photon 

• 2.0%/1.8% for  < 2 cm/  > 2 cm 

• EM shower leaks from entrance face 

• Fitting function: Exponential + Gaussian 

• Calibration for the 2022 data ongoing

w w
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Conclusion & prospects

• MEG II liquid xenon calorimeter reconstructs photon energy precisely to 

distinguish signal and background 

• Multi-photon elimination needed to reconstruct a single photon 

• Preliminary multi-  analysis performance: Photon background reduction of 34% 

• Energy resolution of 1.8% (2.0%) achieved for  > 2 cm (< 2 cm) in 2021 dataset 

• Prospects for 2022 photon data reconstruction 

• Careful calibration to be done for calorimeter energy scale 

• Multi-  analysis performance to be evaluated

γ

w
γ

γ
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Backup

18
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Photosensor calibration
19

Mass Joule Annealing : Cabling work
11
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Background photon characteristics
20
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Template summed waveform
21
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XECSumWFTemplate_0. Type: SiPM.

χ
2 =

fit range

∑
i

∑
MPPC,PMT

(Vmeas,i − Vfit,i)
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