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Experimental Requirement (1)
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Experimental Requirement (1)
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Good energy resolution at 70MeV



Considering two crystals : LYSO VS LXe
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• LYSO usually used in PET

(Positron-Electron-Tomography)

• LYSO in particle physics:

- COMET (J-PARC) : 4.5% @ 105MeV

- Mu2e (Femilab)     : ~4%  @ 100MeV 

Mu2e



Spec of LYSO
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Lab Test (1) :  Longitudinal Uniformity 
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Lab Test (1) :  Longitudinal Uniformity 
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Fig. 6. Schematic of the setup using 511 keV 𝛾-rays from Na-

22 to test longitudinal uniformity of a LYSO crystal. Back-to-

back 𝛾-rays from Na-22 are collimated so that a hit in a 

large NaI(Tl) detector corresponds to a time-coincident hit 

in the LYSO crystal. The Na-22 source is moved using an 

automated movable stage along the long axis of the LYSO 

crystal and the LYSO crystal response uniformity is recorded 

along this axis. Measurements were made at 15 positions.

Fig. 7. Variation in normalized light output for different 

choices of LYSO crystal wrapping and wavelength filter. 

Light output was determined using the peak position from a 

Gaussian fit of energy deposits of a 511 keV gamma from a 

Na-22 source positioned along the long axis of the crystal. The 

light outputs were normalized to the average light output 

along the length of the crystal. The high-pass filter was used 

to eliminate optical photons from scintillation with 

wavelengths less than 405 nm; in this wavelength regime, the 

absorption length of light within LYSO is shortest and can 

therefore introduce unwanted position dependence to the light 

output of the crystal. ESR was found to be the preferred 

wrapping for LYSO crystals 



Lab Test (2) :  Energy Resolution w/ Source
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Lab Test (2) :  Energy Resolution w/ Source
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Test Beam @ PSI, Swiss (pi/mu/e beam)
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Its 590 MeV proton beam is bunched with a 

frequency of 50.6 MHz. The 𝜋M1 beam line is 

incident on a 2 mm thick rotating carbon target 

where pions are dominantly produced. Electrons 

(or positrons) are emitted from the target region 

from neutral pion production followed by pair 

production in the target. 



Test Beam @ PSI : System
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beam

positron
muon



Test Beam @ PSI : LYSO 
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• 10 LYSO crystals. Thin pieces of ESR fitted. EJ-550 optical grease

• NaI(Tl) detectors veto events leaked.

• Hammamatsu R1450 PMT (36% active coverage of LYSO). PMTs @ [−750 V, −950 V] to 

minimize PMT non-linearity effects. 

• LED calibration system to monitor the PMT voltage stability at the back of crystal. At the back 

of each crystal, an optical fiber was positioned at the corner to shine UVA light of 365 nm 

into the crystal to excite it, causing it to fluoresce. Two monitor detectors, made from a piece of 

plastic scintillator coupled to a PMT, received optical fibers from the same bundle as the 

LYSO crystals and served as external monitors of LED stability. 

• XY movable table. Auto adjust crystal center to beam position.



Test Beam @ PSI : LYSO 
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• XY Hodoscopy : scintillator + PMT, 1mm resolution. Beam monitor and T0. 

• Veto : scintillator + SiPM. 22mm hole in the center.

• Trigger = T0 && VETO, ask for the positron pass through the hole, limit the size 

of beam to 22mm radius.



Test Beam @ PSI : DAQ
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• Waveform recorded.

• Time : peak time

• Charge : integral

• Window : 100ns



Data Analysis
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• Calibration : Initial calibration w/ LYSO intrinsic radiation and Co60 to align 
the ADCmax of each crystals. Move to 30MeV-100MeV positron beam. 
Same procedure is done.

• Event Selection :
1.RF-Phase Cut:

•Uses differences in time-of-flight to select positrons. 
•Removes events contaminated by muons and pions (especially above 70 MeV). 

2.T0 Upstream Detector Cut:
•Ensures each event has only a single hit in the T0 detector. 
•Eliminates events with multiple peaks in the T0 waveform. 

3.NaI(Tl) Veto Cut:
•Rejects events with any energy deposits in the NaI(Tl) detectors. 
•Aims to remove events with electromagnetic shower leakage (including low-energy 511 keV γ-rays) 
from the LYSO array. 

4.Timing Cut for LYSO Crystals:
•Sets the shower time (t₍c₎) using the crystal with the largest energy deposit. 
•Requires other crystals with deposits above 0.5 MeV to have times within [t₍c₎ – 10, t₍c₎ + 30] ns. 

5.Waveform Quality and Filtering:
•For signals below 0.5 MeV, a Gaussian filter is applied to minimize high-frequency noise. 
•A Savitzky–Golay filter further smooths the waveform, including only pulses with peak times within 
[t₍c₎ – 20, t₍c₎ + 40] ns. 

6.Energy Threshold Cut:
•Excludes calibrated energy deposits less than 0.1 MeV, which are indistinguishable from PMT 
noise. 



Data Analysis : Time Resolution
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• Positron beam : beam 70 MeV/𝑐
• 880 ps at 1 MeV and 110 ps at 30 

MeV.

• A separate analysis using an LED 

monitoring system compared each 

crystal’s time to LYSO 0, resulting in 

crystal-to-crystal time resolutions 

ranging from 60–80 ps.



Data Analysis : 

Position resolution and ateral uniformity
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• 70 MeV/c positron

• Observations : 

1) Energy deposition decreases near 

crystal boundaries due to particles 

traveling in the gaps between 

crystals.

2) relative change in peak energy 

within the two center crystals was 

found to be less than 0.5%. 

• Position Res.

energy-weighted : pos res = 6.4mm



Data Analysis : Energy Resolution
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• a Crystal Ball function, featuring a Gaussian 

core (mean μ, standard deviation σ) and a 

power-law tail (exponent n, transition energy 

α) to model high energy loss processes.

• Energy deposit distributions from the weighted 

sums of crystal energies (after event selection) were 

used to extract energy resolutions.

• The resolution is 1.52% using the Crystal Ball fit

• The resolution remains unchanged when selecting 

events near the boundary between crystals.



Conclusion
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• Uniformity : Longitudinal response uniformity better than 4% was 
achieved, independent of the photosensor viewing end.

• Timing Resolution : Better than 200 ps for energies above ~10 MeV, 
reaching 110 ps at 30 MeV.

• Spatial Resolution : Approximately 6 mm resolution was obtained at 
70 MeV from energy sharing.

• Energy Dependence : For 70 MeV positrons, a 1.5% energy 
resolution was achieved, with further improvements expected using 
tapered voltage dividers at lower energies.

• Energy Resolution : With optimized PMT voltage dividers, a 2.6% 
resolution was measured for 17.6 MeV gammas from a p-Li reaction.

• Future Work : Full-size, 19 X₀ deep crystals in various shapes have 
been ordered for upcoming studies.

• Overall Conclusion : High-density, radiation-hard LYSO crystals—
with high light yield and a 40 ns decay time—are excellent choices 
for electromagnetic calorimeters in nuclear and particle physics 
experiments.
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Back up
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Test w/ Radiation Source Co-60
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LYSO intrinsic radiation

Co-60

We use Co-60 and LYSO intrinsic radiation to 

calibrate the detector.

• @HV = 27.00V

➔ 1.330 MeV @ 17005 digit

➔ 1.330 MeV / 17005 digit ~ 7.8e-5 MeV / digit 

Saturated digit = 11, 0000 digit

➔ 11,0000 digit * 0.1268MeV = 8.6MeV 

➔ Saturated at 8.6MeV 

This HV/gain is too high for our beam test 

condition. 

• HV setting range = 24.7V to 28.2V

We continue to lower HV setting to find a HV 

we can at least to see 200MeV beam without 

saturation.


