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Introduction
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 CEPC, a high precision 𝐻𝐻/𝑍𝑍 factory
 Heavy bosons separation and precise Higgs 

measurements require excellent jet energy 
resolution 3~4%.

 Fine 𝛾𝛾/𝜋𝜋0 reconstruction for flavor physics.

 Particle flow Approach
 Identification of energy deposits from each 

individual particle.

 𝜎𝜎𝑗𝑗𝑗𝑗𝑗𝑗 = 𝜎𝜎𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇2 + 𝜎𝜎𝐸𝐸𝐸𝐸2 + 𝜎𝜎𝐻𝐻𝐻𝐻𝐻𝐻2 + 𝜎𝜎𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶2

e.g. part of charged hadron shower misidentified as a 
separate neutral cluster, the energy is double-counted



Energy of charged particle deposit in ECAL
 ~60% of the jet energy is carried by charged particle

 ~2/3 of charged hadrons shower in ECAL
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Energy proportion of 
different particles in jet

Location where 𝜋𝜋−
shower or decay occurs

 Important to recognize energy deposits of charged particles in ECAL to get the best 𝜎𝜎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐



Overview of Reconstruction Algorithm in ECAL
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Overview of Reconstruction Algorithm in ECAL
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Overview of Reconstruction Algorithm in ECAL

7

track

Hits in ECAL

half clusters
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Overview of Reconstruction Algorithm in ECAL
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Development of Track-Matching Algorithm
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 Match track and clusters(energy deposits) of charged particle 

Clusters

extrapolated points

local max

TrackAxis

 Works well for particles with high 𝑝𝑝𝑇𝑇 (~2GeV)



Development of Track Matching Algorithm
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real track 
of the MIP

extrapolated 
points

 For particle with low 𝑝𝑝𝑇𝑇, the real track deviates from ideal helix due to 
energy loss and multiple scattering

G4 step of 1000 𝜇𝜇−

ideal helix

energy loss

energy loss + 
multiple scattering

𝜽𝜽
𝜶𝜶

𝒅𝒅𝒍𝒍𝒍𝒍
previous layer of

local max

next layer of
local max A cone-based method used in 

track-matching algorithm



Performance of Track-Matching Algorithm
 𝜇𝜇−,𝐸𝐸 = 2𝐺𝐺𝐺𝐺𝐺𝐺,𝜃𝜃 = 50°~130°,𝜙𝜙 = 0°~360°， 1000 events
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Efficiency of track 
reconstruction <100%



Overview of Reconstruction Algorithm in ECAL
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 𝜋𝜋−,𝐸𝐸 = 2𝐺𝐺𝐺𝐺𝐺𝐺,𝜃𝜃 = 50°~130°,𝜙𝜙 = 0°~360°

Hadronic shower may be gathered into multiple clusters. 
Only one is matched with track. 

The other clusters may be regarded as neutral clusters. This 

part of energy will contributes to 𝜎𝜎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐



summary
 Track-matching algorithm is developed

 For charged particles with high 𝑝𝑝𝑇𝑇, match extrapolated points and local max directly

 Due to the effect of energy loss and multiple scattering, cone-based method used for charged 
particles with low 𝑝𝑝𝑇𝑇

 Performance of MIP and hadronic shower are shown
 Matching efficiency ~100%

 Hadronic shower may be gathered into multiple clusters. Only one is matched with track. 
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backup
 backup
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𝐶𝐶𝑟𝑟
𝑃𝑃𝑟𝑟
𝑁𝑁𝑟𝑟

=
𝜀𝜀𝐶𝐶→𝐶𝐶 𝑓𝑓𝑃𝑃→𝐶𝐶 𝑓𝑓𝑁𝑁→𝐶𝐶
𝑓𝑓𝐶𝐶→𝑃𝑃 𝜀𝜀𝑃𝑃→𝑃𝑃 𝑓𝑓𝑁𝑁→𝑃𝑃
𝑓𝑓𝐶𝐶→𝑁𝑁 𝑓𝑓𝑃𝑃→𝑁𝑁 𝜀𝜀𝑁𝑁→𝑁𝑁

𝐶𝐶𝑡𝑡
𝑃𝑃𝑡𝑡
𝑁𝑁𝑡𝑡

C: charged particle
P: photon
N: neutral hadron
t: truth
r: reconstruction



track cluster
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 track cluster：与带电粒子径迹匹配上的 HalfCluster

𝜎𝜎𝐸𝐸 =
𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 − 𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 这部分能量对应 𝑓𝑓𝐶𝐶→𝑃𝑃与𝑓𝑓𝐶𝐶→𝑁𝑁

带电强子发生簇射时，能量沉积分散，导致会被聚类成多个
HalfCluster, 其中大量的 HalfCluster 没有对应的径迹，将被
当做中性簇射。这部分能量是带电强子congfusion项的主要
贡献

𝐶𝐶𝑟𝑟
𝑃𝑃𝑟𝑟
𝑁𝑁𝑟𝑟

=
𝜀𝜀𝐶𝐶→𝐶𝐶 𝑓𝑓𝑃𝑃→𝐶𝐶 𝑓𝑓𝑁𝑁→𝐶𝐶
𝑓𝑓𝐶𝐶→𝑃𝑃 𝜀𝜀𝑃𝑃→𝑃𝑃 𝑓𝑓𝑁𝑁→𝑃𝑃
𝑓𝑓𝐶𝐶→𝑁𝑁 𝑓𝑓𝑃𝑃→𝑁𝑁 𝜀𝜀𝑁𝑁→𝑁𝑁

𝐶𝐶𝑡𝑡
𝑃𝑃𝑡𝑡
𝑁𝑁𝑡𝑡



event display
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G4 step 所有击中晶体 HalfClusters HalfClusters
（全局）
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