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• Aiming the precise measurement of 
Higgs/EW/top/flavor physics & BSM search. 

• Detector requirement:

- Jet energy resolution < 30%/ 𝐸.

- 𝑊/𝑍 → 𝑞𝑞 separation: BMR~4%.

Introduction

22025/4/4

• CEPC: Future circular 𝒆+𝒆− collider experiment 

Yong’s talk 

Sen’s talk my another talk

CEPCSW

• New concepts in CEPC Reference detector TDR: 
• A Homogeneous crystal ECAL: Yong’s talk 

• Compatible for PFA, Boson mass resolution (BMR) < 4%

• Optimal intrinsic EM resolution 𝜎𝐸/𝐸~3%/ 𝐸. 

• Scintillating glass HCAL: Sen’s talk, my another talk.
• High density and sampling fraction for better hadronic resolution.

• Simulation goes first: within CEPCSW(Key4HEP based). 
• Geometry, digitization (scint. + Elec.), PFA reconstruction.   

Fangyi Guo, guofangyi@ihep.ac.cn

https://indico.ijclab.in2p3.fr/event/11400/timetable/
https://indico.cern.ch/event/1531732/
https://indico.ijclab.in2p3.fr/event/11400/timetable/
https://code.ihep.ac.cn/cepc/CEPCSW


Detector geometry
• Crystal bar ECAL: a realistic detector description in CEPCSW with DD4HEP.

• 32-side polygon with inverted trapezoid modules.

• 300 mm in depth (24 𝑋0 for BGO), 18 layers.

• 1.5 × 1.5 × ~40 𝑐𝑚3 BGO bars with ESR wrapping. 

• Dead material between modules: 
• SiPM, PCB, FEE (~3 mm)

• Copper plate as cooling (1mm)

• Carbon fiber supporting (~2.5 mm / side)

• GS-HCAL: variation of PS-AHCAL geometry
• GS tile + PCB + steel absorber. 

• Abnormal cells for better coverage (4 in barrel, 5 in endcaps)

abnormal trapezoid cells
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Digitization model
• Based on G4 steps: a template scintillation simulation. 

• For GS-HCAL: Light yield and attenuation length study

• For crystal ECAL: timing structure -> BIB hit rate, pile-up

G4 steps in 1 GS-tile Standalone optical simulation Impact to energy resolution

Time of BIB particle Time of G4 steps in BGO Time of p.e. in SiPM Signal shape in FEE

G4 
Simulation

Optical sim. 
template

SiPM+FEE
response

Guang Luo (SYSU)
Zhiyu Zhao (SJTU)
Weizheng Song(IHEP)
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Digitization model
• Based on G4 steps: timing structure in calorimeter hit. 

• Threshold with SiPM response: SiPM dark count + BIB + injected signal

• BIB noise with FEE time window: 

SiPM DC DC+BIB DC+BIB+
0.1 MIP

DC+BIB+
1 MIP

Where is the 
threshold? 

time window 
scintillation collection
BIB noise 

Zhiyu Zhao (SJTU)
Weizheng Song(IHEP)
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Digitization model
• Digitization model: from lab and beam test: 

• Crystal scintillation(E → ph.): light yield, collection efficiency, light attenuation

• SiPM (ph → p.e.): PDE, fill factor, pixel density & recovery, dark count & cross talk, gain. 

• ADC (p.e. → Q): high-low gain switch, SiPM noise, DAQ noise. 

• Temperature and radiation effects on: crystal LY, SiPM gain and DCR. 

Zhiyu Zhao et.al, 
NUCL SCI TECH 36, 41 (2025)
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https://link.springer.com/article/10.1007/s41365-024-01618-8
https://link.springer.com/article/10.1007/s41365-024-01618-8


PFA reconstruction
• Crystal bar ECAL structure needs special treatment: 

• Advantage: 
Optimal EM resolution

Minimum longitudinal dead material in layers. 

Lower channels, lower cost. 

• Challenge in reconstruction: 

• Shower overlap: not traditional PFA-oriented ECAL

• Ghost hit: ~5 particles in one module in a O(100) GeV jet. 

EM shower in BGO ECAL EM shower in Si-W ECAL

𝒆+𝒆− → 𝒁𝑯 → 𝝂𝝂𝒈𝒈 
𝒔 =240 GeV
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CyberPFA: PFA for crystal bar ECAL
Step 1: preparation 
  - Global neighbor clustering in full detector. 
  - Find the local maximum: 1st pattern recognition 
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Event display: 2 photons, 𝑬𝜸 = 𝟓 GeV, distance = 𝟏𝟓 × 𝟏𝟓 cm.

Task list in PFA reconstruction: 
✓ Clustering

* Pattern recognition.  
   * Shower splitting for overlap
   * Ambiguity removal
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CyberPFA: PFA for crystal bar ECAL
Step 2: shower recognition 
  - Tracking in ECAL: find patterns with 3 individual algorithms.
  - A set of topological cluster merging
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Event display: 2 photons, 𝑬𝜸 = 𝟓 GeV, distance = 𝟏𝟓 × 𝟏𝟓 cm.

Task list in PFA reconstruction: 
✓ Clustering
✓ Pattern recognition.  
   * Shower splitting for overlap
   * Ambiguity removal
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CyberPFA: PFA for crystal bar ECAL
Step 3: energy splitting & ambiguity removal 
  - Split the energy with EM profile.
  - Remove ambiguity from track + neighbor module + time.
 

Event display: 2 photons, 𝑬𝜸 = 𝟓 GeV, distance = 𝟏𝟓 × 𝟏𝟓 cm.
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Task list in PFA reconstruction: 
✓ Clustering
✓ Pattern recognition.  
✓     Shower splitting for overlap
✓     Ambiguity removal
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CyberPFA: PFA for crystal bar ECAL
Step 4: clustering and reclustering
  - Traditional PFA idea: 𝑬𝒄𝒍𝒖𝒔𝒕𝒆𝒓~𝑷𝒕𝒓𝒂𝒄𝒌 match. 
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Extrapolate track to connect 
ECAL and HCAL clusters 

Split a neutral cluster if 
𝑬𝒄𝒍𝒖𝒔𝒕𝒆𝒓 > 𝑷𝒕𝒓𝒂𝒄𝒌

Check and merge fragments 
into core cluster.

Task list in PFA reconstruction: 
✓ Clustering
✓ Pattern recognition.  
✓     Shower splitting for overlap
✓     Ambiguity removal
✓     Full PFA
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CyberPFA: PFA for crystal bar ECAL
• Software structure: PandoraSDK-like package in Gaudi 

Truth-based reconstruction 
with EDM4hep links 
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CyberPFA: PFA for crystal bar ECAL
• Software structure: PandoraSDK-like package in Gaudi 

2025/4/4 Fangyi Guo, guofangyi@ihep.ac.cn 13



CyberPFA: PFA for crystal bar ECAL
• Software structure: PandoraSDK-like package in Gaudi 
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Physics performance: 𝝅𝟎 → 𝜸𝜸
• 𝝅𝟎: essential EM object in flavor studies in Tera-Z factory

• 𝐵0/𝐵𝑠
0 → 𝜋0𝜋0/𝜂𝜂 and CP asymmetry 

• 𝜏 hadronic decay for 𝐻 → 𝜏𝜏 and 𝑍 → 𝜏𝜏

• Preliminary study with single 𝝅𝟎: 
• Much better mass resolution than sampling calorimeter in low energy

• Higher efficiency in high energy region from shower splitting. 
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JHEP12(2022)135

𝝅𝟎 mass resolution 𝝅𝟎 reconstruction efficiency

CEPC simulation

Work in progress
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CEPC simulation

Work in progress

All 𝛄𝛄 combination in 𝐞𝐞 → 𝐙 → 𝐛 ҧ𝐛

@Jinfei Wu (IHEP)

https://link.springer.com/article/10.1007/JHEP12(2022)135


Physics performance: 𝑯 → 𝒈𝒈
• 𝑯 → 𝒈𝒈: 2-jet final state, benchmark channel for PFA performance

• 𝐸𝑗𝑒𝑡 ∈ [40, 100] GeV, detector intrinsic resolution + PFA reconstruction.

• Full reconstruction in CEPC detector: Silicon + TPC tracker, crystal ECAL, glass tile HCAL. 
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Reconstruction for 𝒄𝒐𝒔𝜽 < 𝟎. 𝟖𝟓
𝒎𝒋𝒋 = 𝟏𝟐𝟔. 𝟏𝟒 ± 𝟎. 𝟎𝟏 GeV

𝝈𝒋𝒋 = 𝟒. 𝟖𝟗 ± 𝟎. 𝟎𝟏 GeV

BMR = 𝟑. 𝟖𝟖 ± 𝟎. 𝟎𝟏%
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CEPC simulation

Work in progress



Summary
• Enormous efforts from CEPC software group

• Detailed geometry construction with DD4HEP.

• Digitization model feasible to study the impacts from design.

• Dedicated PFA for crystal bar ECAL & CEPC reference detector. 

• Support the physics analyses in CEPC environment. 

• Expect closer collaboration with DRD6 & Key4HEP
• Digitization model: more inputs from electronics & SiPM side? 

• Testbeam related common software development? 
• Both HGCCAL and GS-HCAL are planning for a new prototype. 

• Can think about to use CEPCSW/Key4HEP at the beginning.

• PFA for homogeneous ECAL? 

• Related performance & analyses, e.g. EM shower pointing feasibility for 𝜋0 reconstruction. 
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