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Performance of the Trigger-Veto Detector 
for Korea Experiments on Magnetic Monopole

• Search for low mass (m ≤ 𝑚𝑒) and low magnetic charge (𝑔 ≤ 1𝑒) magnetic monopoles in e+e- annihilation at rest

• The e+ from 22Na interacts with a thin aluminum target and produced the monopole pairs.

• Magnetic monopoles are accelerated under a 1 T magnetic field and measured in the ECALs.

• The 1.27 MeV gamma from 22Na decay is the trigger signal in the Trigger veto detector.

• Target of monopole energy : At least 3 MeV to 300 MeV

LYSO[1] CsI[2] CsI(Tl) [3] BGO[4] CdWO4
[5]

Density [g/cm3] 7.25 4.5 4.51 7.13 7.9

Decay Time [ns] 42 16 1,000 300 14,000

Emission Wavelength [nm] 420 315 550 480 475

Light Yield [Photons/keV] 29 2 54 8-10 12-15

Light output (%) of Bialkali PMT 87 4-6 45 20 30~50

• High density and Non-hygroscopic

• Fast, single exponential decay time

• Excellent time resolution (< 300 ps)

• High light yield and good energy resolution

• Well matched to PMT and SiPM

at a peak wavelength emission
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Measurement of Scintillator Characteristics

PMT

for LYSO, Calibration constant 

88 keV

88+202 keV

88+202+307 keV

88+307 keV

KoreA Experiment on Magnetic Monopole Configuration 

• Scintillators (2 cm X 2 cm X 12 cm)

• LYSO: epic-crystal

• CsI: Amcrys, UKTech

• CsI(Tl): Amcrys, UKTech

432 nm

420 nm [ref.]

1) Emission wavelength

315 nm 550 nm

• We reproduced the decay time of LYSO, CsI, and CsI(Tl) scintillators provided by Saint-Gobain.

10.6 ns

Fast com. = 740 ns

Slow com.= 3.15 us

42 ns

2) Decay time

Scintillator Candidates ◀ Intrinsic background distribution from LYSO

- Natural lutetium contains 2.6% of 176Lu the background 

activity from LYSO

- The activity of 176Lu is about 35 counts/sec.

- The measurement results of background from LYSO 

below are comparable with reference.

• X-ray Generator :  2mA, 80 kV, DRGEM Co.

• Spectrometer : QE65000, Ocean optics.Scintillator Spectrometer
Optical

fiber

X-ray 
Generator

1) Emission wavelength

2) Decay time and Light yield: Radiation source test (137Cs, 22Na and 60Co; 1 uCi)

Scintillator PMT
Power supply

ADC
Source

Amp. • PMT : R6233-100, hamamastu

• Amp : 570 Amplifier, Ortec. (not for Decay time)

• ADC : nfadc25, nfadc400 and nkadc500, notice Korea

Trigger-veto Detector System

◀Picture and ▲ Geometry of experimental design.

LYSO CsI CsI(Tl) LYSO CsI CsI(Tl)

0) Intrinsic background from LYSO

▲ Energy resolution(FWHM) at 1274 keV and measured energy after calibration.

- Average energy resolution(FWHM) among crystals: 13.9%

- Based on those result, calibration for each scintillator will be performed.

6) Uniformity among 12 LYSO crystals

LYSO 7

LYSO 10

LYSO 3

Intrinsic Background

LYSO 7 and LYSO 10 show lower light yield 
comparing with other LYSO crystals.

LYSO 7,10

LYSO 3

511 keV 22Na

1274 keV

• Performance test of LYSO, CsI and CsI(Tl) crystals were done for monopole experiment (KAEM).

• Decided to use LYSO scintillator for trigger-veto system based on performance test results.
- Good linearity in energy range from 511 keV to 1.33 MeV

- Energy resolution are 12.6% FWHM at 511 keV and below 9.4% FWHM above 1.1 MeV

• DAQ for trigger-veto system was tested.

• With radiation sources, LYSO coupled to SiPMs and DAQ system, 
- R&D to improve time resolution is in progress.

- Checked that no crosstalk from near SiPM channels.

Summary

SiPMs

Scint.
1 LYSO each side attached to

9 SiPMs→ 1 channel /1 SiPM board

×2 SiPM board

SiPM
Board

SiPM Board

0) Geometry

2) Test with DAQ 

• Time resolution

Right
SiPM
board

Left
SiPM
board

- Time resolution equivalent to 10% of peak.

- R&D to improve time resolution is in progress.

SiPMs

Scint.

1 crystal attached …

to 8 SiPMs→ 1 channel

SiPM at center→ 1 channel

• Next updates of SiPM boards for measuring timing

Plan

• Beam test will be performed at KNU hospital.
- 6, 9, 12, 16, 20 MeV electron and 10 MeV gamma beams are available.

• The comparison of responses from different size crystals (1 cm X 1 cm X 6 cm for ECAL)
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3) γ energy measurement(511 keV - 1.33 MeV)  

Intrinsic 
background

Calibrated using 1.27 MeV γ.

22Na

511 keV
(12.6%)

662 keV
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(10 uCi used)
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(Energy resolution(FWHM)) 22Na137Cs 60Co

The determined stochastic and 

constant terms: 2.9% and 3.8%, 

respectively.
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respectively. 
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4) Energy resolution ▼ For LYSO, the 4.8% fitted resolution at 662 keV, consistent with 8.5% (FWHM) from the St. Gobain.

LYSO
Eres(FWHM)[%]

@1274 keV
Measured

Energy [keV]

1 21.6 ± 0.6 1273.3 ±116.8

2 17.8 ± 0.7 1270.3 ± 96.3

3 9.5 ± 0.6 1274.2 ± 51.5

4 20.5 ± 0.8 1273.5 ± 111.0

5 15.0 ± 0.7 1272.5 ± 81.3

6 9.4 ± 0.5 1274.3 ± 50.9

7 12.9 ± 0.6 1277.8 ± 70.1

8 9.7 ± 0.6 1274.5 ± 52.7

9 13.7 ± 0.7 1274.0 ± 74.3

10 14.6 ± 0.7 1275.1 ± 79.3

11 9.8 ± 0.6 1274.4 ± 53.4

12 12.2 ± 0.6 1274.8 ± 66.3

→ Expect time resolutions better than 300 ps 
for triggering and coincidence. 

1) Data acquisition system for Trigger-veto

- TCB and SiPM DRS4 DAQ (made by Notice Korea.)

- 5 DAQ × 32 channel ➔ Cover 160 channels.

- Sampling rate up to 5 GHz

- Waveform digitization and stored in 1024 

sampling cells per channel

- 2 V/4096 ADC

Left/

Right SiPM

board

22Na

5 crystals coupled with 

Left/Right SiPM board

Used 22Na source and LYSO 1, 2, 3, 4, 5

5) Linearity • Generally, all scintillators show good linearity in energy range from 511 keV to 1.33 MeV.

LYSO CsI(Tl)CsI

▲ for LYSO, in spite of intrinsic background, measured energy satisfies linearity with 5%.

Experimental

Setup

(16.7%)
1274 keV

(14.3%)
1274 keV

• 22Na + LYSO intrinsic background spectrum

Left SiPM board Right SiPM board

511 keV 511 keV

+LYSO bkg+LYSO bkg

511 + 1274 511 + 1274

Using each saved waveforms event by event, find and draw peak.

• Average time structure

200 ns～1024 bin 200 ns～1024 bin

Left SiPM board Right SiPM board

Overlay plot for all saved waveforms event by event


