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Status of R&D for muon 
detector based on scintillator



Content

01 Efficiency of scintillation detector with WLS fiber

02 Design and test for good timing

2



• Scintillator shape is flexible, easy to get good 
spatial resolution: 

• σ = Width/ 12

• Wave length shift (WLS) fiber inside 
scintillator to collect photons and guide them 
to SiPM.

• Use SiPM at one or both ends, small size, low 
cost and can work at high magnetic field.
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Set up of scintillation detector
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Hamamatsu S11360-1325/50/75cs

scintillator + WLS fiber + SiPM

NDL SiPMs

WLS fiberReflective layer

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

Dark box

1.5m scintillation detector



Light collection of scintillation detector
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Light collection of scintillation detector
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Coupling of scintillator and fiber
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Optical glue�dowcorning 184
(Corrosion-free and light-transparent)

48h room temperature curing Covered with Teflon coating
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Efficiency NDL-EQR15Efficiency measurement
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Efficiency NDL-EQR15Efficiency measurement
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Ø Wavelength-shifting fiber keeps 
good photon collection at long 
distance

Ø the relative light yield on the 
transverse position of the hit
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Time resolution: Scintillator + SMD SiPM

ADC>300ADC>30

Two new strips: 4 !" � 1 !" � 10 !"
From Gaonengkedi company

Time resolution: (146.2�2.0) ps (127.8�3.0) ps

4 SiPMs in parallel
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Santi-Gobain scintillators and SiPMs

ADC>30

Almost a same 
performance as 
MCP-PMT for 
timing!!!

A combination of 4 pieces of 6""×6"" SiPMs as the photon sensor.
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T1-T4

Time resolution of scintillator + SiPM

ch1�ch4 Ch2�ch3

top to bottom �1�2�3�4
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T1-T3T2-T4

T3-T4T1-T2 T2-T3

Ø Caused by photon 
propagation&&
cosmic ray angle effect

T2 and T3 with distance of ~4 cm
T1 and T4 with distance of ~10 cm



Time resolution of scintillator + SiPM

&�$�%�"������������	�

�����

���

���
���

���
���

��"!�!������
��
��"!�!������!�&'$��

&$����$����� %&$�#%

�� ��$�%"�'&�"!���&&�!����&&�$�
(�&��%�"$&�$�&$����$�%&$�#%��"$�
��&&�$�#"%�&�"!�$�%"�'&�"!�"����

17

400− 200− 0 200 400 600 800 1000 1200 1400
Time Difference (ps) 

0

20

40

60

80

100

120

140C
ou

nt
s

 4.4± T =  522.3 ∆
 3.5± =  138.7 σ

���



Design and test for good timing at far position
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Ø ����%*) �'%# �%)� ),% �$�( 3.2*4*150 cm

PCB for SiPM-preamplifier

To be tested……
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Design and test for good timing at far position
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Summary

• Good performance of the current design for efficiency.
• Time resolution of about 100 ps has been obtained at near end.
• Time resolution of about 360 ps has been obtained at 75cm.

• Try better light collection to improve time resolution.
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Thank you!



Back up
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For reference
Scinti + SiPM
• MUTHUSLA experiment

• Large size detector based on 
scintillator to search for long-live 
particle

• Institutions: SLAC, Fermilab...
• Belle II experiment: L = 1036 cm-2s-1

• Belle II started physics running on 
11/3/2019

• Endcap and inner 2 barrel layers: 
RPC à Scintillator

• Good performance achieved
• Belle II is considering the upgrade: 

all the barrel RPC à scintillator; 
new readout system

• Institutions: Fudan U., U of Hawaii, 
Virginia Tech, ...

• Helpful for R&D, testing, production, 
price...

• SiPM is becoming popular 22



How about implementing timing? 
• Two options of scintillator detector:

A. Cheap scintillator+WLS fibre+small SiPM, low cost for large size
B. Excellent scintillator+large SiPMs, reasonable cost with good timing

• We can combine them for LLP search, to extend the study area of CEPC
• One sector far away from IP,
• Measure the tracks with good spatial resolution,
• Measure the TOF of tracks (and charge?) for velocity (and dEdx?).
• The distance between layers can be tuned.

23

MATHUSLA

LLP 
decay
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Ø Wavelength-shifting fibers
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Saint-Gobain WLS Fiber
1.0mm Dia.

KURARAY WLS Fiber 
Y-11(200)MSJ
1.2mm Dia.

Blue to Green Shifter (Kuraray)

• 2000 grit sandpaper

• File • 1000 grit sandpaper

• 1500 grit sandpaper
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%+,-./
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Resistor sampling and negative 
feedback amplifier circuit

NDL-EQR10
1*1

NDL-EQR10
3*3

S13360
6*6

Rise time�1-2ns
HWHM�3-4ns

Rise time �2-4ns
HWHM �6-8ns

Rise time �5-10ns
HWHM �40-60ns

Design of fast preamplifier
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Testing with two long Santi-Gobain scintillators

Two long strips from IHEP
with excellent time 
resolution: 

3"#×5"#×1#

Two MCP-PMT Trigger strips at near 
end:
4"#×1"#×10"# Time resolution: < 130*+
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