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Time resolution of long scintillator



Two types of scintillator detector

1. Regular design as the Belle II KLM scintillator detector

2. A new TOF-like design for high time resolution
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Regular design
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R&D for KLM-like detector based on scintillator
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Hamamatsu S11360-1325/50/75cs

scintillator + WLS fiber + SiPM

NDL SiPMs

WLS fiber

Reflective layer

Preamplifier 



NDL-EQR15

Use the NDL SiPM
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Comparison between NDL SiPM and Hamamatsu MPPC
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• Mean of each peak
• 𝜎2 of each peak

MPPC
1.3*1.3 mm2

NDL
3*3 mm2
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NDL SiPM vs Hamamatsu MPPC
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NDL SiPM:
✓ Higher dark count rate 
✓ Higher optical cross talk
✓ Lower Gain…
✓ Much more cheaper
✓ On developing……



Efficiency NDL-EQR15Efficiency measurement
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1 p.e. : 2.7mV

1.5m scintillation detector



Efficiency NDL-EQR15Efficiency measurement
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strip1: one fiber

strip2: one fiber MPPC#1 

strip3: one fiber with glue#6

strip4: one fiber with glue#5

strip5: one fiber with glue + teflon

strip6: one fiber with glue + teflon

Efficiency with the trigger at the far end (145cm)

Optical glue and Teflon covering

𝜖 > 98% at the threshold of 10 p.e.

Mostly with NDL
3𝑚𝑚 × 3𝑚𝑚 SiPM



Efficiency NDL-EQR15Light collection from different position
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➢ Wavelength-shifting fiber keeps good 
photon collection at long distance

➢ the relative light yield on the transverse 
position of the hit



TOF-like design
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1.5 m long bar

Need to use more SiPMs pieces!!!

◆To increase the performance of a muon detector; 
◆To build a new separate detector for LLP search.

My talk at CEPC day on 1/29/2022



Time resolution of trigger
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• Average time from the two ends of a strip, 
like TOF detector.

• Reduce the uncertainty due to the hitting 
position by cosmic ray.

➢ Time resolution of a short strip using two end readout: σshort = σ/ 2
➢Trigger system using two strips: σtrg = σ/2.

• 10cm strips for trigger
• 4 SiPMs in parallel
• Readout from both ends

Time difference and the resolution:
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Time resolution of short strip

1000 1500 2000 2500 3000 3500

Time Difference (ps) 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

C
o

u
n
ts  0.99± T =  2073.13 D

 0.86± =  125.62 s
ADC3:ADC4

σshort = 103 𝑝𝑠 σtrg = 73 𝑝𝑠

ΔT =
T1 + T2 + T5 + T6

4
−
T3 + T4

2Pulses from 
the 6 ends

13



CRT on long GNKD scintillator bar

2 cm

• Trigger at middle of the long scintillator bar, where is 
the lower limit of the time resolution.
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GNKD: 高能科迪
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Worst at middle

Reference from Belle TOF



Result from testing on GNKD scintillator
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• Signal is small, thickness is 1.5 cm.
• The attenuation length of GNKD

looks not long enough.

Need to improve the light yield!
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CRT on long BC420 scintillator bar

SAINT-GOBAIN: BC420 
Long attenuation length
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Result of BC420 long bar
A

D
C

4

σlong = 165 ps
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Time resolution of long strip using readouts at two terminals.

18

ADC3

ΔT =
T1 + T2 + T5 + T6
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CRT testing with larger SiPM array
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• Use 3 × 4 SiPMs to increase the photosensor area. 
• Each SiPM has 6𝑚𝑚 × 6𝑚𝑚.



Time resolution from BC420 scintillator bar
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σlong = 87 ps

With Tin foil for reflection

Without Tin foil
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Summary

• The regular design shows good light collection and high efficiency, even the 
NDL cross talk is high.

• TOF-like design shows a time resolution of about 200 𝑝𝑠 from a 1.5 m long 
scintillator bar.

• The limitation is mainly due to the light yield and the attenuation in the long 
bar.

• Using arrays of 3 × 4 SiPMs with 6𝑚𝑚 × 6𝑚𝑚 active area, a time resolution 
of 87 𝑝𝑠 is achieved from a 1.2 m BC420 bar.

• Further testing is ongoing.
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Thank you!



Back up
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Time resolution: 5*3/natural+6629PZx25

ADC>100

Ch1: short strip
Ch2: long strip
Ch3: long strip
Ch4: short strip

T1-T4
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