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Beijing TestBeam 2020
ØE3 Beam line : Secondary particle beam 

ØMixed with proton/pion ..
Ø500MeV ~ 1GeV 



ØLow gain avalanche diode(LGAD)
ØRadiation hard, Medium gain, High S/B, fast timing, no self-triggering 

Ultra-fast silicon sensor R & D

Gain layer

ØLandau Noise term
ØSignal fluctuation due to non-uniform charge deposition
ØMinimized by reducing thickness of sensor to 50μm

ØJitter term
ØNeed gain layer to increase S/N
ØThin detector to decrease rise time
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Manufacturers of LGAD 
CNM (Spain), HPK (Japan)
FBK (Italy), NDL (China)



Silicon timing detector team
• 3 postdocs and 4 students participated testing 
• Postdoc：Bo Liu，Xuan Yang，Yunyun Fan樊云云
• 学生：MengZhao Li 、Shuqi Li，Chengjun Yu，Han Cui 
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Test beam at IHEP 2020

Distance L

Beam exit

4 layer of silicon timing sensors 
Ø IHEP-IME LGAD (3mm*3mm) σt=39 ps
Ø CH2：HPK type 3.1(6.5mm*6.5mm) σt= 63 ps
Ø CH4：HPK type 3.1 (6.5mm*6.5mm) σt= 77ps=

HPK sensors
5*5 array
Single channel readout

IHEP-IME LGAD:
IHEP team design(赵梅，杨涛，吴科伟）
39ps time resolution (in beta tests )
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Typical signal events for silicon timing detector
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Period I : Distance between sensors (L=400mm)

10.28  20:00 ~  10.29 16:00
Distance  L=400mm   Energy  800MeV, 16 events with double trigger
Most of beam particle are proton

Proton

Expected flight time (ns)

Kaon

pion
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Period II : distance between sensors (L=125mm)
10.30  16:45 ~  10.31 9:30
Distance L=125mm   Energy  500MeV, 22 events with double trigger
Most of beam particle are proton-like

ProtonKaon

pion



9

Period III : distance between sensors (L=17mm)

Distance L = 17mm  
• Energy  500MeV ~21h    
• double triggered  events : 55
• Time resolution: 176ps

Distance 17mm  
• Energy  800MeV ~14h    
• double triggered  events: 49
• Time resolution: 130 ps

10.31  12:08 ~  11.3 9:40

Ø Expected time resolution is about 100ps (Measured by Beta source tests)
Ø The measured time resolution is 130~170ps, significantly larger than expected resolution
Ø Due to contribution from beam energy spread, estimated to be 15~20MeV (2%)  



Summary

• Verify silicon timing detector in test beam
• Most of particle identified by silicon timing detector is proton
• Time resolution with LGAD in test beam is worse than lab tests
• Maybe due to beam energy spread 

• Major issue:
• Event rate in Beijing Test beam facility is low
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4. Delta time   L =17mm 

10.31  12:08 ~  11.3 9:40
Distance L =17mm  
• Energy  500MeV   ~21h    double triggered  55
• Energy  800MeV   ~14h    double triggered  49
• Energy  1000MeV   ~9h    double triggered  18

ToF of theoretical calculation



Silicon timing detector team
• 硅超快探测器参与束流测试(值班、调束、实验）人员：
• 博后：刘波，杨轩，樊云云
• 学生：李梦朝、李淑琪，于承君，崔涵
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