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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%. 
Particle flow approach

Introduc)on
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• CEPC: Future circular 𝒆!𝒆" collider experiment 
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• CEPC: Future circular 𝒆!𝒆" collider experiment 

• PFA and current PFA-originated calorimetry: hardware + so=ware
Hardware: separate clusters from different 
particles. 
- High granularity. 
- Compact sampling structure. 

Software: correctly assign calorimeter energy 
deposits to the particles.
- Clustering  
- Pattern recognition.  

Hardware Software



Introduc)on
• Homogeneous crystal ECAL for CEPC

• A 5D detector for PFA: spaEal + energy + Eme. 
• BeKer EM resoluEon 𝜎!/𝐸~3%/ 𝐸 for: 

• 𝜋! reconstruc*on in flavor physics
• Photon recovery from bremsstrahlung
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Introduc)on
• Homogeneous crystal ECAL for CEPC

• A 5D detector for PFA: spatial + energy + time. 
• Better EM resolution 𝜎!/𝐸~3%/ 𝐸 for: 

• 𝜋! reconstruction in flavor physics
• Photon recovery from bremsstrahlung

• A novel concept: orthogonal arranged crystal bars
• Minimized dead material in the module. 
• O(10) less readout channels than HG ECAL. 
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Readout, PCB, support, etc. 

https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11005


Introduc)on
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• A novel concept: orthogonal arranged crystal bars
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•  Facing challenges in reconstrucEon: 

• From 2D to 3D: cross loca*on
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Introduc)on
• Homogeneous crystal ECAL for CEPC

• A 5D detector for PFA: spaEal + energy + Eme. 
• BeKer EM resoluEon 𝜎!/𝐸~3%/ 𝐸 for: 

• 𝜋! reconstruc*on in flavor physics
• Photon recovery from bremsstrahlung

• A novel concept: orthogonal arranged crystal bars
• Minimized dead material in the module. 
• O(10) less readout channels than HG ECAL.
•  Facing challenges in reconstrucEon: 

• From 2D to 3D: cross loca*on
• More shower overlap with larger crystal 𝑅" and 𝑋!/𝜆#.
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Homogeneous 
BGO ECAL

Sampling SiW ECAL 
(with threshold)
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Introduc)on
• Homogeneous crystal ECAL for CEPC

• A 5D detector for PFA: spaEal + energy + Eme. 
• BeKer EM resoluEon 𝜎!/𝐸~3%/ 𝐸 for: 

• 𝜋! reconstruc*on in flavor physics
• Photon recovery from bremsstrahlung

• A novel concept: orthogonal arranged crystal bars
• Minimized dead material in the module. 
• O(10) less readout channels than HG ECAL.
•  Facing challenges in reconstrucEon: 

• From 2D to 3D: cross loca*on
• More shower overlap with larger crystal 𝑅" and 𝑋!/𝜆#.
• Mul*-par*cle ambiguity in jet event
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𝒆&𝒆' → 𝒁𝑯 → 𝝂𝝂𝒈𝒈	
𝒔 =240 GeV

A dedicated PFA is needed for this crystal bar ECAL

https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11005


Simula)on
• Detector geometry

• Global: octagonal ECAL, 𝑅 = 1.86 m, 𝐿 = 6.6 m,𝐻 = 28 cm
• Crystal Bar: 1×1×40~60 cm"

• Super Cell: 2 layers of perpendicular crossing bars ~40×~60×2 cm"

• Ideal geometry: no dead area, supporEng, mechanics, etc. 
• Ideal digiEzaEon for energy and Eme. 

• Event display: 
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𝒆!𝒆" → 𝒁𝑯 → 𝝂𝝂 + 𝟐𝒋𝒆𝒕𝒔, 
𝒔 = 240 GeV

𝟐	photons, 𝑬𝜸 = 𝟓 GeV
Distance = 𝟏𝟓×𝟏𝟓 cm.
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Simula)on
• Optimized geometry: 32-side trapezoid ECAL

• More compact structure, smaller HCAL 𝑅#$. 
• Minimized cracks between modules. 

2024/4/9 5

Photon energy leakage in crack region: <20%. 
An energy correction is expected. 

3cm dead material (electronics, 
cables, carbon fiber supporting)
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Reconstruc)on algorithm
• A pattern recognition PFA

2024/4/9 6

Software task: 
* Clustering
* Pattern recognition.  
* Overlap: energy splitting.
* Ambiguity problem.  

Overlap spli+ng
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Reconstruc)on algorithm
• Global neighbor clustering for pre-processing. 

• Shower recogniKon: 
• Use the local maximum to simplify the paKern in homogeneous ECAL
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Crystal bars Cluster in 2 
directions. 

Software task: 
* Clustering
* Pattern recognition.  
* Overlap: energy splitting.
* Ambiguity problem.  

✔
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Reconstruc)on algorithm
• Global neighbor clustering for pre-processing. 

• Shower recognition: 
• Use the local maximum to simplify the pattern in homogeneous ECAL
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Crystal bars Cluster in 2 
directions. 

Software task: 
* Clustering
* Pattern recognition.  
* Overlap: energy splitting.
* Ambiguity problem.  

✔

𝟐	photons, 𝑬𝜸 = 𝟓 GeV
Distance = 𝟏𝟓×𝟏𝟓 cm.
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Reconstruc)on algorithm
• Shower recogniKon: 

• 3 individual algorithms for different type: track-match, Hough, Cone-clustering. 
• A set of topological cluster merging. 
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Image Space

Energy “core”
Point/Peak

Hough Space

Software task: 
* Clustering
* Pattern recognition.  
* Overlap: energy splitting.
* Ambiguity problem.  

✔
✔
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Reconstruc)on algorithm
• SpliLng for the overlapped shower: 

• Calculate the expected energy deposiEon from EM profile.
• Expected energy : 𝐸&'

()* = 𝐸'+((,×𝑓(|𝑥& − 𝑥-|)

• Assigned weight: 𝑤&' =
.!"
#$%

∑" .!"
#$%

• Ambiguity removal: 
• InformaEon from: track, neighbor tower, Eme. 
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Software task: 
* Clustering
* Pattern recognition.  
* Overlap: energy splitting.
* Ambiguity problem.  

✔

✔

✔

✔

Track
Neighbor 
module

time 
info
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Preliminary performance
• Single photon reconstrucKon

• Efficiency: ~100% for >1 GeV photons. 
• Energy resoluEon: related to digiEzaEon model. 

• A realis*c model is under development, including crystal scin*lla*on ⊕ ADC digi*za*on and gain 
modes. 

• Parameters in the model comes from lab experiments. 
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Also in Zhiyu Zhao’s talk

PreliminaryPreliminary

https://indico.in2p3.fr/event/20053/timetable/?view=standard


Preliminary performance
• Close-by parKcle separaKon

• Key performance in PFA reconstrucEon. 
• 𝛾 − 𝛾 separaEon: 2.2 cm @ 100% efficiency. 
• 𝛾 − 𝜋 separaEon: 10 cm @ 100% efficiency. 
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𝜸 − 𝜸 separation for 5 GeV photons 𝜸 − 𝝅 separation for 5 GeV 𝜸 and 𝝅0
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Preliminary performance
• Physics performance: 𝑯 → 𝜸𝜸

• Pure channel for ECAL performance, a benchmark channel for physics. 
• The preliminary digiEzaEon model is considered. 

• An energy correcEon for longitudinal leakage:
!/01
!234

= 𝑝% + 𝑝& ⋅ 𝐶𝑜𝑟𝑒𝐸𝑛𝑒𝑅𝑎𝑡𝑖𝑜 + 𝑝' ⋅
𝑇()*𝑅𝑎𝑡𝑖𝑜. Crack regions are excluded. 
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Preliminary performance
• Physics performance: 𝒆!𝒆" → 𝒁𝑯 → 𝝂𝝂𝒈𝒈

• Boson mass resoluEon (BMR) of di-jet event is essenEal for CEPC detector. 
• Only consider ECAL reconstrucEon: truth tracker + rec. ECAL + truth HCAL. 

𝑚1&22+ = 𝑝3- -4562(, *567&-8(+ + 𝑝.9:; <(=7658 -8=+7(6+ + 𝑝76=74 19:; <(=7658 -8=+7(6+
%
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Preliminary
𝑚55 = 125.52 GeV 
𝜎 𝑚55 = 4.56 GeV
BMR ~ 3.63% 

Already included: 
- Intrinsic energy resolu*on of ECAL and HCAL.
- Reconstruc*on efficiency in ECAL. 
- Confusion and ambiguity in ECAL. 
- Track mis-matching. 

Missing for a full PFA: 
- Track efficiency and resolu*on. 
- HCAL efficiency and confusion. 
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Summary and prospects 
• A novel crystal ECAL design for CEPC Reference detector

• OpEmal EM resoluEon, excellent low energy sensiEvity, lower cost. 
• R&D progresses in hardware are introduced in Zhiyu’s talk. 

• A dedicated paNern recogniKon PFA
• Main challenges are the shower overlapping and ambiguity. 
• Very promising separaEon power and a preliminary BMR are derived. 

• Next step: a full PFA with:
• OpEmized 32-side ECAL geometry.
• RealisEc digiEzaEon model.
• Energy correcEon for the cracks between modules. 
• Full tracker and HCAL reconstrucEon. 
• For beKer understanding: decouple the contribuEons in current BMR / JER. 
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Thank you for your a,en.on! 
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