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Key figures of the CEPC-SPPC
● Tunnel ~ 100 km

● CEPC (90 – 240 GeV)

– Higgs factory: 4M Higgs boson

● Absolute measurements of Higgs boson width and couplings

● Searching for exotic Higgs decay modes (New Physics)

– Z & W factory: ~ 4 Tera Z boson

● Precision test of the SM

● Rare decay

● Flavor factory: b, c, tau

● QCD studies

● Upgradable to ttbar threshold (360 GeV)

● SPPC (~ 100 TeV)

– Direct search for new physics 

– Complementary Higgs measurements to CEPC g(HHH), g(Htt) 

– ...

● Heavy ion, e-p collision...
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Detector & Software

Full simulation reconstruction Chain with Arbor, iterating/validation with hardware studies
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Hadronic events: the main course

240 GeV: 97% of Higgs events has jets final states...
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Jet origin id

Hao Liang, Yongfeng Zhu, Yuzhi Che, Yuexin Wang, Huiling Qu, Cen Zhou, etc

https://arxiv.org/abs/2310.03440

https://arxiv.org/abs/2309.13231

https://arxiv.org/abs/2310.03440
https://arxiv.org/abs/2309.13231
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Geo. & Tools

● Jet origin identification: 11 categories (5 quarks + 5 anti quarks + gluon)

– Jet Flavor Tagging + Jet Charge measurements + s-tagging + gluon tagging...  

● Full Simulated vvH, Higgs to two jets sample at CEPC baseline configuration: CEPC-v4 detector,
reconstructed with Arbor + ParticleNet (Deep Learning Tech.)

● 1 Million samples each, 60/20/20% for training, validation & test
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Particle Net: IO

● Output: likelihoods to different categories

11
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11-dim migration behavior

● Let the jet be identified as the
category with highest likelihood: 

●  Pid: ideal Pid – three categories

– Lepton identification

– Charged Kaon identification

– Neutral Kaon identification

● Patterns:

– ~ Diagonal at quark sector...

– P(g→q) < P(q→g)...

– Light jet id...
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Performance with different PID scenarios &
H→ss measurements

vvH @ 240 GeV

Flavor tagging: type that maximize {L_q + L_q_bar, L_g}

If quark jet: jet charge ~ compare {L_q, L_q_bar}

Remark: current jet flavor tagging efficiency & 
jet charge flip rates are projections of the 
11-dim arrays produced by Jet origin id
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Benchmark analyses: Higgs rare/FCNC

Improved by ~3 times

Improved by 1-2 orders of magnitudes

Presumably... firstly quantified

For H->bb, cc, gg: results in 20 – 40% improvement in relative accuracies (preliminary)... 



April 8 2024 CEPC Marseille 11

Performance V.S. Jet Kinematics
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Performance @ Z and Higgs

● M10 instead of M11
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V.S. Hadronization models
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Fast/Full Simulation

● Delphes ~ Perfect PFA (1 – 1 correspondence.. )
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V.S. Multiplicity

● ...many patterns need further understanding & towards further optimization...

vvH @ 240 GeV vvH @ 360 GeV 
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● From Jet Flavor Tagging to Jet Origin ID (Preliminary): 

– vvH, H→cc: 3% → 1.7%

– Vcb: 0.75% → 0.5%

Recent update at more benchmarks 
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Charge flip rates in b jets:
dependency on Leading hadron
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Charge flip rates in b jets:
dependency on Leading hadron
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B-charge flip rate: Bs oscillations

● Collaboration with Saclay, etc: Jet charge measurements using all Final state
particles excepts Bs/Bs-bar decay product: anticipate significant improvements
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Summary
● Jet origin id: efficiently separate different species of colored SM particle

– Stable & Smooth V.S. 

● Jet kinematic & Physics Processes: Calibration 

● Hadronization models: tools for QCD

● Det. Geometry, Fast & Full Sim: reference for det. Optimization 

● Significantly impact on physics 

– Boost the access to g(Hss) and Higgs exotic/FCNC with jet final state (3 – 100 times)

– Preliminary: Improve the H→cc/Vcb precision by ~ 100%/50% 

– Weak mixing angle 

● Measure to 1E-6 level precision (at 92 GeV) using 1 month data taking. 

● Access Afb_f with different flavors. 

● Verify RG behavior of Weak mixing angle at different c.m.s. Energy

– Time dependent CP measurements... 

● Long term version: identify jet origin... as we identify final state particle. 
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Back up
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Comparison to Conventional
Algo.
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Three categories: b, c, & light

Hadronic Z pole sample

1 M Z→bb, cc, (uds) each

60/20/20% for 

training/validating/testing. 

Result on Testing sample
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Dependence on polar angle
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Comparison on Det. Optimization
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Comparison on Det. Optimization
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Impact on physics benchmarks

Conservative/Aggressive: 

all three parameters 2/0.5*Baseline
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