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Introduction
• Future lepton collider experiment: 

• Precise measurement for Higgs, EW, top, etc. 
• Require excellent jet resolution: Particle Flow Approach. 

• 𝜎!"# = 𝜎$%&'() + 𝜎*+) + 𝜎,&-) + 𝜎./01234/0)

• Imaging calorimeter + Topological analysis

• Crystal bar ECAL design for the CEPC 4th conceptual detector design: 
• Long crystal bars, double-side readout with SiPM. 
• Crossed arrangement in adjacent layers + timing 

at 2 sides for positioning. 
• Better energy resolution, fewer #channels.
• Need specific reconstruction algorithms. 
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CEPCSW framework
• Common software stack: Key4HEP

• CEPCSW: Gaudi-based framework. 
• including core software, applications, external libraries, etc. 

• Event Data Model: EDM4HEP.  
• Detector description: DD4HEP. 

• ECAL software is developed under CEPCSW.  
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Simulation and digitization 
• Detector description: 

• Unit: BGO crystal bar, size 1×1×40~60	cm!.
• Octangular barrel structure, R = 1.86 m, L = 6.6 m, H = 28 cm. 
• DD4HEP for geometry construction. 

• Unit digitization: 

• For step 𝑖: 𝑄±# = 𝐸$ ⋅ 𝑒
%!/#±%&!'(()*, 𝑇±# = 𝑇$ + 𝐺𝑎𝑢𝑠(𝑧±# /𝑣, 𝜎&)

• For each bar:  𝑄± = ∑'()*𝑄±# , 𝑇± = 𝑇±+ | (∑#,-+ 𝑄±# > 𝑡ℎ𝑟𝑒𝑠).
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Reconstruction software
• A proto-PFA reconstruction software for the ECAL: 

• Follow the idea of PandoraSDK: flexible, reusable, modular. 
• Develop within CEPCSW: based on the common HEP software stack Key4HEP.

Work in progress

Gaudi framework (CEPCSW)

Tools
(Client App.)

ECalRecAlg
(register and run 

algs following 
configs )

Sub-Algs.
(Core algs for 

reconstruction)

modular & 
flexible

Common EDM: EDM4HEP

Self-EDM

Reconstruction flow:
- Clustering
- Shower Recognition:

LocalMaxFinding, 
HoughClustering,
TrackExtrapolatin,
TrackingMatching.

- EnergySplitting
- EnergyTimeMatchingJ.S.Marshall, CHEF 2013
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Reconstruction software
• A proto-PFA reconstruction software for the ECAL: 

• Combine 2 layers to mimic a high-granularity ECAL. 
• Use time + similar energy in adjacent layer for cross-location. 

• Reconstruction algorithm flow: 

2 layer 40+40 
1×1×40 𝑐𝑚!  
crystal bars

1 layer 40*40
1*1*2 𝑐𝑚! cells 

ReconstructionReadin and preparing. 

Pattern recognition 

Ambiguity removal 
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Reconstruction software
• Global clustering

• Neighbor clustering based on geometry.
• Define “neighbor” for each EDM with: 
template<T1, T2> StatusCode Clustering();

• Vertical and horizontal units are clustered respectively. 

• Local maxima finding
• Recognize energy core in this homogeneous crystal ECAL. 

incident 
photon

Local Maximum DistributionEnergy deposits in crystals

Weizheng Song, IHEP
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Reconstruction software
• Shower recognition:

• Charged particle: track-match. 
• EM shower: Hough transformation. 
• Fragment: cone-clustering. 
Controlled with AlgorithmManager: flexible to implement new algorithms.  

track
extrapolated points

Energy deposits in ECAL

Image Space

Energy “core”

Point/Peak

Hough Space

Yang Zhang, IHEP
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Reconstruction software
• Energy splitting and pattern matching:

• Larger 𝑅. for crystal        severer shower overlap        shower splitting. 
• Calculate the expected energy deposition from EM profile. 

• Expected energy 𝑬𝒊𝜶
𝒆𝒙𝒑 = 𝑬𝒔𝒆𝒆𝒅	𝜶×𝒇(𝒙), 

• Assigned weight 𝒘𝒊𝜶 = 𝑬𝒊𝜶
𝒆𝒙𝒑/𝚺𝜶𝑬𝒊𝜶

𝒆𝒙𝒑

• Orthogonal bar to granular hit: 
• Combine U/V info, split the bar with adjacent layer profile.    Ghost-hit problem! 
• Define 𝜒/ value with energy and time info to reject the wrong combination. 
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Reconstruction software
• Software configuration 

• Self-EDM: CaloUnit (bar), 1D/2D/3DCluster, 
HalfCluster, Track, etc. 

• Client App: manage input/output objects, e.g. 
MCParticleCreator, CaloHitCreator,  

• Algorithm Manager: Register and run 
algorithms. 
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Reconstruction software
• Preliminary performance

• Particle gun events simulation for two 5GeV photons in parallel. 
• Scan the distance between photons, check the successful 

reconstruction efficiency and energy resolution. Key for PFA.

Separation efficiency

Energy resolution Position resolution
𝜎"
𝐸 ~5%~1%⊕

11%
5𝐺𝑒𝑉

d

d

𝛾B

𝛾A
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Cylindrical ECAL geometry
• New geometry option: cylindrical ECAL

• Decrease the outer radius, reduce HCAL budget.
• Consider the cracks and supporting. 

• Geometry description with DD4HEP
• Configurable with xml: bar length, module number, dead space, etc. 

Ideal Real

2420
Length ≈ 60cm Length ≈ 50cm

Weizheng Song, IHEP
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Cylindrical ECAL geometry
• Preliminary simulation:

• Study the impact of crack region and module rotate angle 𝛽:
• 𝛽 = 0: cracks towards the IP. 
• Larger 𝛽: larger 𝑅!"#$%.  

• Check energy leakage with single photon events: 
• 10 GeV, 𝜙 ∈ [0°, 360°]. 

module

𝜋
2 −

𝛼
2 − 𝛽

No tilt (𝜷 = 𝟎°)

𝜷 = 𝟏𝟖°
Max leakage 70%

Max leakage 60%

Weizheng Song, IHEP
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Summary
• Crystal bar ECAL is a novel and challenging ECAL design. 

• Detector geometry description is constructed with DD4HEP. 
    - Configurable cylindrical ECAL geometry is built for optimization. 

• Digitization and reconstruction software are developed within Gaudi framework. 
    - Addressed several pattern recognition algorithms with full 5D info (x, y, z, E, T) is processing. 
    - Flexible and modular proto-PFA software is on-going. More individual algorithms are 
expected to be independently developed and easily implemented. 

•  Next: performance test. 
    - Shown preliminary result for the separation. 
    - Targeting the full PFA reconstruction and CEPC physical benchmark: Boson Mass Resolution. 
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