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Overview
Very much a work in progress:
• Flavour tagging
• Graph Neural Network (GNN) Algorithm

• FCC-ee (replicate ParticleNet results)
• Data
• Input variables
• Results

• FCC-hh (first attempt at FCC-hh GNN tagger)
• Data
• Input variables
• Results

• Summary
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Flavour tagging (b-tagging)

Why?
• Many signatures of interest contain b-jets

• e.g Higgs boson decay
• Also useful for rejecting backgrounds

• e.g. 𝑡 ̅𝑡 production can be troublesome (𝑡 → 𝑏𝑊)
 

How?
• b-hadrons have a relatively long lifetime (~1.5ps)
• Travel a measurable distance before decaying
• Presence of 1+ displaced vertex within the jet
• Tracks with large impact parameter values (𝑑!)
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GN2
• Use Graph Neural Network (transformer architecture) to predict jet flavour
• Using public ATLAS GN2 package [ATL-PHYS-PUB-2022-027]

• Nodes (tracks) connected via edges (vertices)

• Predict: Jet flavour classification (primary objective), 
       track truth origin and vertexing (auxiliary objectives)

Question:
Performance at future collider 
experiments?
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https://cds.cern.ch/record/2811135


FCC-ee IDEA detector
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Setup and Data
Particle-Net [1902.08570] results already produced on FCC-ee [2202.03285]

• Authors very helpfully provided their samples/code and input
• Use as benchmark to test setup, code generation and relative performance

Simulated using Delphes:
• Additional TrackCovariance Module to simulate track parameters

Event generation (Madgraph + Pythia)
• 𝑒𝑒 → 𝑍𝐻 → 𝜈𝜈𝑗𝑗 ( 𝑠 =	240 GeV)

• Focus on identifying jets from Higgs decays (b, c, s, ud, gluon)
• 10 million jets labelled according to the Higgs decay process
• Some issues, but kept to allow fair comparison
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https://arxiv.org/abs/1902.08570
https://arxiv.org/abs/2202.03285


Input variables

Particle Identification
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Track parameters

Relative kinematics

Jet kinematics



Performance
GN2 trained on identical dataset 
used for ParticleNetIDEA model

Bett
er

!
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Discriminant Function constructed to 
study the discriminant between pairs 
of flavour 

𝐷!" =
𝑝!

𝑝! + 𝑝"

𝑖 = signal flavour
𝑗 = background flavour

Results:
• Reproduced ParticleNetIDEA 

results
• Validated sample 

generation/evaluation
• Demonstrated superior GN2 

performance



GN2 @ FCC-ee

𝒄-jet rejection ~3000

𝒔-jet rejection ~105

𝒒-jet rejection ~105

𝒈𝒍𝒖𝒐𝒏-jet rejection ~200

At 70% b-jet efficiency:
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FCC-hh

Goal: Study flavour-tagging performance for FCC-hh configuration
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Simulating data
• Modified baseline FCC-hh Delphes cards based on 

conceptual design report (CDR) [CERN-2022-002]

• Using TrackCovariance module to simulate full track 
covariance matrix:
• Implemented description of tracking detector 

(geometry, radiation length, resolution)
• Validated resolutions agree with predictions from 

CDR
• Will propagate back into official repository
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Agrees with values in CDR!

https://cds.cern.ch/record/2842569/files/CERN-2022-002.pdf


Simulating data
• 𝑝𝑝 → 𝑍𝐻 → 𝜈𝜈𝑗𝑗 ( 𝑠 =	100 TeV)

• Start without pileup (6 million jets)

• Higgs decays into pair of different flavour jets

• Labelling of jet flavour is done based on truth hadron content
• Similar to ATLAS/CMS approach

Jet Flavour Presence of b-Hadron Presence of c-Hadron

b-jet ü -
c-jet û ü

light-jet û û
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ATLAS-style discriminant

𝐷# = ln
𝑝#

𝑓$ 	 ⋅ 𝑝$ 	+ 	 1 − 𝑓$ ⋅ 𝑝%



GN2 @ FCC-hh

𝒄-jet rejection ~103

𝒍𝒊𝒈𝒉𝒕-jet rejection ~4000

At 70% b-jet efficiency:
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Fixed light-jet rejection at 100

Measuring performance relative to most important kinematic variables

GN2 @ FCC-hh



Summary
Workflow established to study flavour tagging performance at FCC experiments

Next steps
• Further validation
• Generate higher pT jets to study performance up to the TeV range (BSM Z’)
• Include expected pile up of FCC-hh (𝜇 = 1000) [Very time consuming at first attempt]
• Test impact of different detector design
• Parameterise performance for di-Higgs and boosted Higgs analysis at FCC-hh

GN2 FCC-ee GN2 FCC-hh
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Backup

1729/11/2023



29/11/2023 18

GN2 @ FCC-hh (c-tagging)
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IDEA vs FCC-hh 1st layer

IDEA detector silicon pixel pitch size:
• 20um x 20um
• Resolution of 3um x 3um

FCChh detector silicon pixel pitch size:
• 25um x 50um
• Resolution of 7um x 14 um
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IDEA vs FCC-hh 1st layer
Inner layer of IDEA assumed to be closer to collision point

IDEA detector FCC detector



[FTAG-2023-01] 

GN2 architecture
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2023-01/


GN2 @ ATLAS vs FCC-hh
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Resolution values of 10.0±0.1 μm 

FCChh detector silicon pixel pitch size:
• 25um x 50um
• Resolution of 7um x 14 um

GN2 @ ATLAS vs FCC-hh


