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Jet origin identification
using ParticleNet

Yongfeng Zhu, Hao Liang, Huilin Qu, Cen Zhou,
Manqi RUAN, 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. 
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Particle Net: IO

● Input: reco particles corresponding to 1 jet...

● Output: likelihoods to 11 different categories (sum =1)

11



23/10/2023 CEPC WS@NJU 4

Jet origin id: 11 categories
● vvH sample, with Higgs decays into

different species of colored particle:
5 quark, 5 antiquark & gluon

– 1 Million of each type

– 60/20/20% for training,
validating, and testing, result
corresponding to testing sample

●  Pid: ideal Pid – three scenarios

– Lepton identification

– + Charged hadron identification

– + Neutral Kaons identification

● Patterns:

– ~ Diagonal at quark sector...

– P(g→q) < P(q→g)...

– Light jet id...
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Jet origin id: 11 categories

Eff = (0.74 + 0.17 + 0.74 + 0.17)/2 = 0.91

Charge flip rate = 0.17/0.91 = 0.19
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Performance with different PID scenarios
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Lepton: isolated & Inside jet
Isolated: for E > 2 GeV:  
lepton efficiency > 99.5% &&
Pion mis id rate ~ 1%

Inside Jet: percentage level
degrading

https://link.springer.com/article/10.1140/epjc/s10052-017-5146-5
CEPC-DocDB-id:148, Eur. Phys. J. C (2017) 77: 591

https://link.springer.com/article/10.1140/epjc/s10052-017-5146-5
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Charged Hadron ID: inside jet...

● Pid via dEdx or dNdx: < 3% in barrel region for GeV hadron 

● Pid at Drift Chamber using dN/dx: even better performance
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Kshort & Lambda

High eff/purity reco. of charged 
Final states at least...
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Impact on benchmark: vvH, H→jets

Thanks to BMR ~ 3.8%!
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Benchmark analyses using Jet origin ID

Applied to quasi-data of vvH; 
H → ss: be limited to 3*SM using vvH + llH at 20 iab
H → sb: up limit of 2E-4 at 95% C.L. 
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Benchmark analyses using Jet origin ID

Improved by ~3 times

Improved by 1-2 orders of magnitudes

Presumably... firstly quantified
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Critical Problems to be addressed
● Particle Flow

● Color Singlet
Identification

● QCD –
hadronization,

● Beyond jets...
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Summary
● PFA  oriented detector design ~ CALICE laid solid foundation for the excellent reco/measurement

at high energy frontier, especially with hadronic events at electron positron Higgs factories. 

– Better BMR shall always be pursues,

– To be in cope with beam background & event rates, 

– Provide Pid: charged & even neutral hadron, 

– New AI tool... inject new momentum

– ...

● At current baseline detector & ParticleNet, jet origin identification is possible and has encouraging
performances

– Flavor Tagging of 91%/80%/64% & Charge Flip Rate of 18%/7%/16% for b/c/s jets

– Gluon tagging at efficiency of 67%; slight distinguish power between u & d. 

– Higgs exotic/FCNC processes with hadronic final states limited to the BRs of 1E-3 to 1E-4;
H→ss limited to 3 times SM prediction (vvH + llH only)

– Yet, it cannot figure out some Ks decays into 2 pion...

● Vision (long term): Jet origin id as Pid + Access to g(Hss) at future Higgs factory
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Summary

● A lot to be understood...

– V.S. Scaling of Jet energy, Polar angle/eta,

– V.S. Collision environment: beam background, # PU

– V.S. Detector geometry: VTX configuration, acceptance, etc

– V.S. Jet Clustering algorithm, interactions with jet finding & Color Singlet
identification

– V.S. Different hadronization & fragmentation modes...

–

– V.S. algorithm architecture

– V.S. training & implementation procedure...
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Backup
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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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Vcb from W decay
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Vcb from W decay
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Impact on physics benchmarks

Conservative/Aggressive: 

all three parameters 2/0.5*Baseline
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Key parameters of the CEPC-SPPC
● Tunnel ~ 100 km

● CEPC (90 – 240 GeV)

– Higgs factory: 4 M 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 and QCD studies

● SPPC (~ 100 TeV)

– Direct search for new physics 

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

– ...

● Heavy ion, e-p collision... Complementary
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