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• CEPC ScEcal & AHcal prototype commissioned
• ScEcal :Scintillator, W

• AHcal: Scintillator, Iron

• Test beam at CERN at 2022/10
• Data size: 533G

• 𝑒!, 𝜋!, 𝜇! samples from 10GeV-120GeV

• Object: Quantify key performance
• Energy Resolution, Energy Linearity, 

PID Capability, etc

• Challenge: Mixed Beam, MC/data discrepancy
• My Job: Pattern Recognition, Particle Identification, 

Quantify key performance 

Sci-W Ecal

AHcal

50GeV Pion+

1. Test Beam of CEPC 
ScEcal & AHcal

2. Test of PIST ASIC & 
CEPC Generic Simulation Study

Motivation
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Test beam Data pattern

𝑛𝑜𝑖𝑠𝑒 𝑏𝑖𝑧𝑎𝑟𝑟𝑒𝜇%

𝜋%

𝑒%• Variables used to distinguish:
• Conventional

• #.Hits per event
• Energy deposition per event
• Center of gravity of shower
• …

• Novel
• Fractal Dimension[1] 

(dedicated for HGCAL)
• Test Beam Data Components:

• 𝑒!, 𝜋!, 𝜇!, noise, bizarre

[1] M. Ruan et al, PRL 112, 012001 

𝑏𝑖𝑧𝑎𝑟𝑟𝑒

1. Test Beam of CEPC 
ScEcal & AHcal

2. Test of PIST ASIC & 
CEPC Generic Simulation Study
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PID & Significance
PID Capability & Result:
• Combine Fractal dimension,  #.Hits and Total energy 

per event, good separation achieved.
• Basic pattern is consistent.

• Peak shift: SiPM Saturation
Significance :
• Pure EM/Hadrnoic sample achieved

• Basis of Quantifying prototype performance
• Validate and Tune MC
• Machine learning(BDT/ANN) input for automatic

PID 

𝑀𝑒𝑎𝑛! −𝑀𝑒𝑎𝑛"
𝜎!# + 𝜎"#

1. Test Beam of CEPC 
ScEcal & AHcal

2. Test of PIST ASIC & 
CEPC Generic Simulation Study
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Energy Response

46.46%
𝐸

⨁3.62%
1.003*E − 0.5261

AHcal prototype preliminary performance achieved !
• Energy Linearity: 1.003*E − 0.5261
• Enerdy Resolution: 

23.23%
4 ⨁3.62%

Future Plan: Reduce the impact of energy leakage, Improve energy response performance

1. Test Beam of CEPC 
ScEcal & AHcal

2. Test of PIST ASIC & 
CEPC Generic Simulation Study
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Ø Test of PIST ASIC
• Motivition: High precision time detector is critical for 

CEPC, 50ps time resolution is required. Accordingly, 
PIcoSecond Timeing ASIC designed for CEPC ECAL 
SiPM by Bo Lu et al

• My work: Build test platform and test PIST ASIC
• Result:

• 𝜎()*+(),(- = 𝜎,.,// − 𝜎,.,0/ = 9.0 𝑝𝑠

SiPM

PIST ASIC 

𝜎!"!# = 𝜎$%!&'# + 𝜎()*+# + 𝜎,(-.# + 𝜎/(.# = 18.9 𝑝𝑠

𝜎!"!0 = 𝜎$%!&'# + 𝜎()*+# + 𝜎/(.# = 16.6 𝑝𝑠

Ø Potential of dE/dx Measurement of Silicon Tracker
• Motivation: dE/dx is an essential variable for PID, CEPC 

require 3% resolution
• My work: Simulation and analysis

10GeV kaon- dE/dx随
层数的变化

3% 

1. Test Beam of CEPC 
ScEcal & AHcal

2. Test of PIST ASIC & 
CEPC Generic Simulation Study
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Summary
Data analysis of Testbeam

1. Pattern Recognition
2. Give PID Scheme and pure sample
3. Preliminary performance of energy response 

achieved
4. Future, Reduce the impact of energy leakage to 

Improve energy response performance
5. Participate in beam test in May 2023

Test of PIST ASIC
1. 20ps time resolution achieved(systemic)
2. Future, quantify time resolution at different energy 

point

CEPC Generic Simulation Study
1. 20 layers, 0.6 mm silicon could achieve 3% 

resolution of dE/dx

Reports
https://indico.ihep.ac.cn/event/19214/
https://indico.ihep.ac.cn/event/19045/
https://indico.ihep.ac.cn/event/18769/
https://indico.ihep.ac.cn/event/18769/
https://indico.ihep.ac.cn/event/19045/
…

https://indico.ihep.ac.cn/event/19214/
https://indico.ihep.ac.cn/event/19045/
https://indico.ihep.ac.cn/event/18769/
https://indico.ihep.ac.cn/event/18769/
https://indico.ihep.ac.cn/event/19045/


Thanks!



Backup
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Reduce the impact of energy leakage, Improve energy resolution!
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• Experiment:
• Pion Run83(ParticleID = 211)
• Cut: Hit_Energy > 0
• The light-leaking cell was muted

• Simulation:
• Cut: Hit_Energy > 

0.3MIP(1MIP=0.461MeV)
• The cell that be muted in 

experiment was also muted in 
MC

• Conclusion:
• For Hit_Energy and 

Event_Energy ,MC is higher than 
TestBeam;

• For number of hits, MC is lower 
than TestBeam;

• The shower depth of MC is a little 
bit bigger than that of TestBeam.

Comparison of MC and Run83——pi+
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• Experiment:
• Pion Run83(ParticleID = 11)
• Hit_Energy Cut > 0
• The light-leaking cell was muted

• Simulation:
• Hit_Energy Cut > 

0.3MIP(1MIP=0.461MeV)
• The cell that be muted in 

experiment was also muted in 
MC

• Conclusion:
• For Hit_Energy and 

Event_Energy ,MC is higher than 
TestBeam;

• For number of hits, MC is lower 
than TestBeam;

• The shower depth of MC is 
consistent with TestBeam.

Comparison of MC and Run83——e+
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Laser

PIST ASIC

SiPM
SiPM Waveform

ASIC Waveform

∆𝑡 = 𝑡1(23 − 𝑡45,6+

∆𝑡 = 𝑡7189 − 𝑡45,6+

𝜎$%$& = 𝜎'($!)# + 𝜎*+,-# + 𝜎.*/# = 𝟏𝟔. 𝟔 𝒑𝒔 𝜎$%$# = 𝜎'($!)# + 𝜎*+,-# + 𝜎0*1/# + 𝜎.*/# = 𝟏𝟖. 𝟗 𝒑𝒔S13360-6025PE
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16.64ps

18.85ps

• Result
• Timing measurement: System-level time 

resolution~19ps；PIST ASIC time resolution~9ps
• Energy measurement

𝜎!"#$%& + 𝜎'()*& + 𝜎+',& = 16.6𝑝𝑠

𝜎!"#$%& + 𝜎'()*& + 𝜎-'.,& + 𝜎+',& = 18.9𝑝𝑠
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• Limited by the accuracy of the 
oscilloscope(1GHz), time resolution is bad.

• Selection of threshold
• 低阈甄别
• 横比定时

• Calculation of threshold
• 插值
• 波形拟合

• 单边拟合
• 全域拟合

• Use 16GHz oscilloscope
• Impedance at the load does not match the asic, 

witch affects the time resolution greatly
• Use standard wire
• Use D400A-AT-PB2 probe

Wire length = 0.5m

Wire length = 1.0m
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