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MEG II Liquid Xenon Photon Detector

• 52.8 MeV  detection
• energy, position, time
• 2.7 ton liquid xenon (14 )
• 11% solid angle
• 165K operation, 175nm scintillation light
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μ+→e+γ signal and backgrounds

Good resolution crucial 
to lower the accidental 
background (NBG)
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NBG ∝ Rμ2 × ΔEγ2 × ΔEe × ΔΘeγ2 × Δteγ × T

Beam rate Resolutions Elapsed time

Eγ,Ee ≃ 52.8MeV 
Θeγ=180°, Tγ=Te
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NSig ∝ Rμ × T × Br(μ→eγ) × ε Efficiency crucial for statistics



LXe scintillation readout system

• Inner face: 4092 MPPC (12 12mm ) 
• Other faces: 668 PMTs (51mm )
• Waveforms of all sensors readout by WaveDREAM
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Calibration to extract energy, time, and position
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LED

• PMT/MPPC gain, MPPC cross talk/after pulse 
measurements

• PMT gain decreases under muon beam

• LEDs can be installed to PIONEER easily
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470nm  36 for PMT
(Toyoda Gosei E1L493B1A02)

×460nm  48 surface mount LED for MPPC
(Kingbright KA-3021QBS-D)

×

MPPC gain

Charge spectrum
w/ low intensity LED

Variance vs Charge mean
w/ different LED intensities
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 sourcesα

• PMT QE/MPPC PDE including LXe light yield extracted from  sources
• MPPC PDE decreases under muon beam

• Better to install  sources in the PIONEER. The problem might be the source 
production (Sorad  Ltd. which produced the MEG  sources does not exist anymore)
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Reconstructed z position 
of  sourcesα

Ratio of data/MC for a PMT

241Am foil to a gold-plated tungsten wire
 (100 m )

thermo-compression method
~100Bq/source
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Cockcroft Walton proton accelerator + Li target

• γ energy scale and resolution 
monitoring at 17.6MeV three 
times per week9
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Back-to-back photons from  decayπ0

π− + p → π0 + n
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→ γ + γ + n

Tag of 83 MeV γ
BGO mover

to scan positions 

• γ energy scale, uniformity and 
resolution measurements at 
55MeV once per year



Background spectra from  decayμ

• Extract energy scale, resolution 
from BG spectra from μ decay at 
signal energy

• Stability during muon beam time 
can be checked
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PIONEER case

• Energy scale, resolution can be directly extracted from 70 MeV peak and from 53MeV Michel edge 
in PIONEER (robust calibration possible)

• Sensor calibration, LXe light yield monitoring by LED,  crucial
• Other  calibration sources (AmBe 4.4MeV, Ni 9MeV, Li 17.6MeV,  55MeV, Cosmics) are optional
• Positron incident position can be measured by trackers
• Each photo sensor time offset might be available from the LGAD time as a reference
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PIONEER MC
MEG e  spectrum+ MEG  spectrumγ



Summary

13



Other devices
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