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From Jet Flavor Tagging to Origin
Identification: AI usage on

hadronic event of electron positron
Higgs factories

Yongfeng Zhu, Hao Liang, Chen Zhou, Huilin Qu,
Manqi Ruan, etc
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Geo. & Tools

● Jet Flavor Tagging: 3 categories (b, c, light)

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

– Jet Flavor Tagging + Jet Charge measurements + ... 

● Full Simulated Z/H to dijet sample at CEPC-v4 detector, reconstructed with Arbor. 
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Particle Net: IO

● Output: likelihoods to different categories
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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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Impact on benchmark: vvH, H→jets

Thanks to BMR ~ 3.8%!
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Flavor tagging @ vvH
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Vertex

● Vertex: track impact para & 2nd vertex reconstruction: Flavor Tagging, etc

– As close to the IP as possible

– Limited by the beam induced background (~ beam energy & B-Field)

JHEP11(2022)100
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Impact on Physics benchmark
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Comparison on Det. Optimization
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Comparison on Det. Optimization



5/9/2023 ILD  meeting 12

On the same benchmark... 
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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 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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Impact of charged kaon id
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Neutral Kaon id

● Current tool (PN) is not clever enough to figure out Ks->2 pi, etc
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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
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Summary
● Reco & Measurements of hadronic events is critical to e+e- Higgs factories. At

current baseline detector & ParticleNet, jet origin identification (combines jet
flavor tagging + charge measurements) is possible

– M11 established, with encouraging performances

– Compared to LCFIPlus, ParticleNet has significant better performance

● Improves H->cc accuracy ~ 40%
● Leads to consistent conclusion on Det. Optimization

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

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

● Vision (long long term)

– Jet origin id as Pid

– Access to g(Hss) at future Higgs factory
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Backup
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Summary
● Endeavor of 11 years: CEPC is technologically ready for construction

● CEPC supports extremely rich physics program, leads to stringent requirement
to its detector system, Multiple detector concepts are proposed

● Key physics requirements for the Calorimeter system

– EM resolution ~ 3%/sqrt(E)

– BMR < 3%

– ToF < 50 ps (at Cluster level)

● As for our collaboration

– High quality glasses with cheap enough price

– High homogeneity (< 10%)

– High density (5-6)

– High light yield: to support Hadronic energy resolution of 40%/sqrt(E)
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Vcb from W decay
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Vcb from W decay
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Jet charge measurement using Leading
jet particle & weighted jet charge 

Eff. Tag. Power: 
~ 40%/20% for c/b jet 
with 45 GeV energy
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Summary
● We propose CHLOE, using

– GSHCAL

– Xbar ECAL + Position/timing layer of 

● Silicon
● MGPRC

– 2.5 Tracker Scenarios: 

● Gas Tracker R
in/out

 ~ 25/175 cm,

Z ~ 500 cm 

● Improved 4th: Fwd RHIC
● Full Silicon with Pid (dE/dx ~

3%...)

– 3 VTX Scenarios

● Rin ~ 10 mm
● Vin
● Vin Portable

● Anticipated Performance

– Acceptance: cos(θ)~0.995

– BMR ~ 3%

– EM resolution 3%/sqrt(E), const.
term < 1%

– Timing resolution ~ o(50) ps

– dP/P ~ 0.1% in the barrel

– Pid: eff/purity > 96% for charged
Kaon at hadronic Z event

– Jet Flavor Tagging: 

● Tr(Mig): from ~2.4 to ~2.7
● Enhance the g(Hcc) and |Vcb|

measurements by 60% - 100%...

– Fulfill the requirements of not only
Higgs, but also Flavor & New Physics
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Summary
● Critical Challenges

– Boundary conditions to determine sub-detector technology & configuration...

● Impact of beam background on sub detectors, especially gaseous one
● MDI design, installation & integration

– Vin

● Power & Signal
● Integration - Hom heat & radiation bkgrd, coating...
● Vacuum level - material requirements
● Large curvature stitch tech...

– ECAL

● Xstal: 

– Homogeneity, light yield – SiPM coupling, saturation; 
– Non cuboid Xstal manufactory & response 
– Energy/Position reconstruction & correction algorithm
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Summary
● Critical Challenges

– ECAL

● Position layer optimization: 

– specification (time, position, and potentially energy), 
– cooling requirement – material budget

– HCAL

● Requirement on homogeneity light yield & coupling to SiPM 
● Mass production of glass

– Need to understand the in-time leakage & off-time pile up

● Action items

– Optimization of geometry parameters via Detailed simulation + algorithm
development... with machine learning, etc

– R&D to address challenges... 

– Integration study
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Detector & Software

Full simulation reconstruction Chain with Arbor, iterating/validation with hardware studies
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Jet origin identification at
future electron positron

Higgs factory

Yongfeng Zhu, Hao Liang, Chen Zhou, Huilin Qu,
Manqi Ruan, etc
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