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the CEPC project 

proposed : 2012 
circumference : 100 km 
two interaction points 

Pre-CDR : 2015 
CDR : 2018 

Snowmass report : 2022

arXiv:2306.11512
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two JFT algorithms

GNN based

BDT based



the ParticleNet architecture

https://doi.org/10.1103/PhysRevD.101.056019

nn.Conv2d(128, 128, kernel_size=1, bias=True)

nn.BatchNorm2d(128)
nn.ReLU()

nn.Conv1d(64, 128, kernel_size=1, bias=True) 
+ 

nn.BatchNorm1d(128)

find the nearest k neighbor particles for each particle

nn.Sequential(nn.Linear(256, 256), nn.ReLU(), nn.Droupout(0.1))
nn.Sequential(nn.Linear(256, num_classes))

particles ordered independent and permutation symmetry

input features : 

Yongfeng Zhu (PKU)
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https://doi.org/10.1103/PhysRevD.101.056019


FT matrix, whose trace can be used 
to describe the FT performance. 

In the following, we use  to represent 
the trace.

Trmig

JFT evaluation
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Migration matrix of LCFIPlus v.s. PN

• PN could improve the FT performance by 14% in trace compared to the default algorithm at the CEPC. 
• b/c tagging efficiency is improved by 15%/34% 
• c-tagging is more challenging as its properties lie between those of b and light

LCFIPlus PN
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The FT performance in endcap is not as well as that of barrel. (resolution of Pt and impact parameters)  
The FT performance improves much significant in the endcap region.

÷

barrelendcap endcap

FT v.s. jet direction



benchmark performance
https://doi.org/10.1007/JHEP11(2022)100
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240 GeV  e+e− → Z(νν̄)H(cc̄)

improved more than 35%

https://doi.org/10.1007/JHEP11(2022)100


the dependence of JFT on vertex detector configuration

the baseline tracking system

the VXD configuration
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LCFIPlus

Study of vertex optimization at the CEPC

Trmig = 1.12 ⋅ log10(ϵ ⋅ p) + 3.28

the dependence of JFT on vertex detector configuration

+
=

Z. Wu et al 2018 JINST 13 T09002
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https://doi.org/10.1007/JHEP11(2022)100

Trmig = 2.303 + 0.065 ⋅ log2
R0

material

Rmaterial
+ 0.038 ⋅ log2

R0
resolution
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+ 0.095 ⋅ log2

R0
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https://doi.org/10.1007/JHEP11(2022)100


PN :  

LCFIPlus : 

Trmig = 2.639 + 0.031 ⋅ log2
R0

material

Rmaterial
+ 0.019 ⋅ log2

R0
resolution

Rresolution
+ 0.059 ⋅ log2

R0
radius

Rradius

Trmig = 2.303 + 0.065 ⋅ log2
R0

material

Rmaterial
+ 0.038 ⋅ log2

R0
resolution

Rresolution
+ 0.095 ⋅ log2

R0
radius

Rradius

the dependence of JFT on vertex detector configuration

• Overall, the FT performance is closer to ideal condition ( ) with PN. 
• The FT performance is more sensitive to the vertex radius, then the material budget, and the last single 

point resolution. 
• The dependence of FT performance on VTX configuration with PN is consistent with that of LCFIPlus, 

which gives a solid evidence for the effectiveness of PN applying to the CEPC.

Trmig = 3
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PN LCFIPlus



Summary 

• Flavor tagging is crucial in many physics analyses tasks. 
• The dependency of FT performance on vertex detector 

configuration is consistent with previous study, we 
conclude that the PN is effective at the CEPC. 

• The pN can improve the measurement of the relative 
statistical uncertainty of vvHcc by more than 35% 
compared to that of the LCFIPlus.
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Thank you !
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Backup

15



16



17

Jet
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