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General reminder

• Active-converter pair-spectrometer 
• Energy reconstruction: 𝐸! = 𝐸"! + 𝐸"" + 𝐸#$%
• Time reconstruction: 
𝑡! =

&
'
𝑡"! + 𝑡"" − 𝑡()*,"! − 𝑡()*,""

• Low efficiency compensated by stacking
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Outline

1. LYSO studies for active converter in pair-spectrometer
à Main achievement this year

2. Simulation studies at HiMB beamline
3. Discussions on reuse of MEG II apparatus for “phase0” experiment
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LYSO studies
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Reminder & Status summary

• Measured LYSO performance with 3 GeV electron beam
• Requirement: 40 ps MIP time resolution & enough light yield (detailed later)
• Conducted in Dec 2023 & Nov – Dec 2024
à Intermediate results have been reported in past meetings

• Demonstration of enough light yield & time resolution
• Two LYSO bars tested, both showing enough time resolution & light yield
• Just the first milestone: Also revealed additional challenges towards mass production

• Previous reports & publications
• Rei’s presentations: In Feb & Jun meeting & VCI conference
• Preparing a full-length article (to be submitted to NIMA within this year)
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https://indico.psi.ch/event/17170/contributions/55256/attachments/29749/57780/futuremeg20250212_sakakibara.pdf
https://indico.psi.ch/event/17716/contributions/57434/attachments/30581/60289/sakakibara_futuremeg_20250612.pdf
https://doi.org/10.1016/j.nima.2025.170961


LYSO active converter: Requirements 6

• Time measurement after half turn
• Two measurements: 𝑒, and 𝑒-
• With 40 ps resolution each,
30 ps 𝜎.# can be achieved 

• Up to 10 MeV to be measured
within 200 keV resolution

à 𝒏𝒑𝒉𝒆> 2500 detection at 10 MeV

Simulated energy loss
(Sum of loss by 𝑒, & 𝑒-)

LYSO here

Light yield

Time resolution



LYSO converter size 

• Thickness: 1.5 – 3mm
• Varying at different incident angle
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• Segment: 50 mm × 5 mm
• 50 mm along B-field direction
• To minimize inefficiency w/ 
𝐸2"3 error of returning tracks

PhotonThinner in high-Z region
(To keep same path length)

Max efficiency at
3mm path length

B-field
50 mm5 mm 1.5 – 3 mm



LYSO beam test with 3 GeV electrons

• Measurement setup
• LYSO bar of 50 mm × 3 mm segmentation
• Two thicknesses: 1.5 mm & 3 mm
• Readout by SiPMs coupled to both ends

• What to demonstrate?
• 40 ps resolution
• 2500 photoelectrons for 10 MeV energy deposit
à More than 700 at 3 MeV Landau peak

• Both achieved at various incident angle & position
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SiPM

Energy deposition by
3 GeV electrons in LYSO
(MC simulation)

With 3 GeV electron,
Landau peak energy deposit is 3 MeV



Beam test results: Highlights

• Better than 40 ps time resolution achieved in all tested conditions
• Side-by-side time offset shows O(10 ps) differences b/w different channels
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Slope corresponds to
propagation velocity  of
∼ 15 cm / ns



Beam test results: Highlights

• Light yield enough higher than 700
• At different position & incident angle

• But, not uniform responses
• Crystal by crystal difference
• Channel by channel difference
• As large as 10%

à Need precise calibration & quality control
in a real experiment
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Prospects

• Readout optimization
• So far, readout implemented at both sides of LYSO bars
• But, can we reduce # of channels?
à Calibration would be more challenging. Need further studies

• Quality control
• Light yield showed strong channel-by-channel differences
à Maybe low quality control of optical coupling, wrapping of LYSO, etc.

• Realistic calibration strategies
• Stability & temporal variation (10 years of time scale?)
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Simulation studies
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Reminder & Status summary

• Simulation so far: Focused on photon pair-spectrometer
• Active converter has been simulated with pileup effects
• Pair-tracker component simulation: Hit resolution vs track resolution, material choice

(Integrated to active converter simulation software)
• But, no digitization (not decided anything yet), nor realistic reconstruction studies
• Not integrated with positron simulation

• Previous reports
• LYSO part: My presentation & Rei’s presentation in Dec/2024
• Tracker part: Francesco’s presentation in Dec/2024
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https://indico.psi.ch/event/16912/contributions/54298/attachments/29355/56712/oya_future20241212.pdf
https://indico.psi.ch/event/16912/contributions/54299/attachments/29356/56715/sakakibara_meg3_20241212.pdf
https://indico.psi.ch/event/16912/contributions/54278/attachments/29358/56718/renga_future_meg_dec24.pdf


Active converter simulation

• Efficiency & Rate capability for signal photons
• Efficiency defined by counting # of photons with
52.7 < 𝐸"! + 𝐸"" + 𝐸#$% < 52.9 MeV 

• Note: Above based on MC, no resolution effects
• 2.2 % efficiency with single converter layer
• Enough rate capability up to HiMB limit of 10&4

• Possible angle measurement
• When converted close to boundary of 

converter-TPC, additional cut can reduce BG
• Further studies ongoing
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Pair-tracker simulation

• Material effects & hit resolution are considered
• MC truth hits produced in gas are directly smeared according to assumed hit resolution
• Not yet considering signal readout and reconstruction method
• Integrated to active converter simulation framework & Reproduced results
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Table in Francesco’s presentation

https://indico.psi.ch/event/16912/contributions/54278/attachments/29358/56718/renga_future_meg_dec24.pdf


Background simulation

• So far, RMD photons have been simulated
• Easier to calculate (known branching ratio)
• Highly suppressed high-energy tail
• Converter segmentation more important

than resolution itself

• Still requires studies of other contributions
• Annihilation of Michel positrons inside material
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For RMD photons, returning tracks
contribute more to high-energy tail
(than a few hundred resolution)

MC truth 𝑬𝒆! + 𝑬𝒆" + 𝑬𝒅𝒆𝒑
200 keV smearing (by hand)



Prospects

• Positron simulation
• Not yet decided the design, likely mu3e-based, but need to adapt to 52.8 MeV
• Also, need to study vertexing: Active target, photon angle measurement
• Plan to start studies in 2026

• Other general items to study
• Study of reconstruction
• Discussion about electronics, digitization
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“Phase0” with MEG II apparatus
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Idea

• Idea: LYSO crystals attached to inner shell of CDCH 
• Conversion pair-tracking by CDCH
• If used for 𝜇 → 𝑒𝛾, need to split the acceptance: e.g. US for positron & DS for photon
• Reuse other parts of MEG II detectors: Electronics, pTC
• To be discussed by Rei

• Two possible goals
1. Demonstrate energy resolution with active converter (𝜋4 → 𝛾𝛾)
2. (If high sensitivity can be expected) Collect data for 𝜇 → 𝑒𝛾

à Doing rough evaluation in 2 – 3 weeks

• Possible schedule
• 𝜇 → 𝑒𝛾: Right after the HiMB shutdown (starting 2028)
• 𝜋4 → 𝛾𝛾: Some activities possible in 2026? Enough resources?
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Backup
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Non-trivial questions

• What beam rate?
• Recent ML-tracking improved positron efficiency at high rate
à Not studied for beam rate higher than 5e7

• CDCH hardware limit?
• Trigger rate?
• Any other constraints?

• How do Michel positrons interact with LYSO?
• Additional pileup effect by Michel positron
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More technical questions

• Can we have 2𝜋 (in 𝜙) readout of CDCH?
• 1/3 of wires are not readout now
• But, they are necessary when tracking both positrons and conversion pair

• How can we trigger?
• WDB requires latency of up to 600 ns
• How can we set 𝐸! threshold?
• How can we constrain direction match when energy deposit to converter is small?

• Tuning of B-field?
• Is the normal COBRA field optimal in case we widen 𝜃" acceptance?
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