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Flavour tagging

• Flavour tagging of hadronic jets 
• Identification of original quark flavour 

• Important for Higgs decays 
• Crucial additional background suppression 
• Decays like  and  

• Use different track features within jet 
• Use machine learning for optimal identification 

• Rapid advancements 
• Run-2 flavour-tagger: DL1r 
• Run-3 flavour-tagger: GN2

H → bb̄ H → cc̄
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Lorentz-boosted regime Introduction

• Resolved flavour-tagging 
• Higgs boson with low  
• Reconstruct as resolved small-R jets 

pT

[W. Leinonen]

https://indico.nikhef.nl/event/4875/contributions/20318/attachments/8262/11813/GNNsinFTAGv2.pdf
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Lorentz-boosted regime Introduction

ΔR( jet1, jet2) ≈
2mH

pH
T

• Boosted flavour-tagging 
• Higgs boson with high  
• Jets become merged (large-R jet) 
• Requires different reconstruction

pT
• Resolved flavour-tagging 

• Higgs boson with low  
• Reconstruct as resolved small-R jets 

pT

Increasing pT[W. Leinonen]

https://indico.nikhef.nl/event/4875/contributions/20318/attachments/8262/11813/GNNsinFTAGv2.pdf
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Opportunities to triple Higgs Motivation

• Flavour-tagging important for triple Higgs 
• Sensitive channels rely on b-jet identification 

• Could improve identification high-  Higgs candidatespT
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Previous 
approachesRun-2 boosted flavour-tagging approaches

1. DL1r VR track-jet b-tagging 
2. Xbb tagging
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Previous 
approaches

• Both Run-2 approaches depend on 
resolved small-R jet flavour tagging 

• DL1r: small-R jet flavour-tagger 
• Architecture: Deep Neural Network (DNN) 
• Input: variables describing the jets 

• Jet kinematic variables 
• Lower-level tagger variables 

• Boosted approaches 
• Use DL1r to tag Variable-Radius (VR) subjets 

(track-jets) 

• Output: , ,  pb pc pu

Resolved flavour-tagger: DL1r

large-R jet

VR track-jet

VR track-jet

1. DL1r VR track-jet b-tagging 
2. Xbb tagging
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Previous 
approachesDL1r VR track-jet b-tagging

• Create 1D discriminant per subjet 
• With DL1r outputs: , ,  

• Event selection 
• Based on constraints on discriminants of the subjets 

pb pc pu

Db
DL1r = log(

p(b)
fcp(c) + (1 − fc)p(u)

)

1. DL1r VR track-jet b-tagging 
2. Xbb tagging
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Previous 
approachesPrevious Xbb flavour tagger

• Previous Xbb tagger 
• NN-based architecture 
• DL1r outputs as input

Feed-Forward  
Neural Network

, , pb pc pu

subjet 1

subjet 2

subjet 3

, pT η

pHbb

ptop

pQCD
Large-R jet

Subjets 
(DL1r)

1. DL1r VR track-jet b-tagging 
2. Xbb tagging
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GN2X  
modelNew Run-3 boosted flavour-tagging approach

GN2X

[ATLAS Collaboration. (2025). Transforming jet flavour 
tagging at ATLAS. arXiv preprint arXiv:2505.19689.]

[ATLAS collaboration. (2023). Transformer Neural 
Networks for Identifying Boosted Higgs Bosons 
decaying into bb and cc in ATLAS (No. 
PUBDB-2023-08047). LHC/ATLAS Experiment.]



Boosted flavour-tagging within the ATLAS experiment 
Jurjan Bootsma | HHH Workshop 2025 | Dubrovnik | 30-09-202511

GN2X  
modelCurrent boosted flavour-tagger: GN2X

• GN2X 
• New boosted flavour-tagger 
• Transformer-based architecture 
• Track-level input

[Draguet, M. (2024). Flavour Tagging with Graph 
Neural Network at ATLAS (No. ATL-PHYS-
PROC-2024-081). ATL-COM-PHYS-2024-795.]
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GN2X  
modelGN2X input

• Large-R jet input 
•  

•  

•  

• Track-level input 
• GN2X uses more information and 

correlations between the tracks

pT
η
mJ

[ATLAS collaboration. (2023). Transformer Neural Networks for 
Identifying Boosted Higgs Bosons decaying into bb and cc in 
ATLAS (No. PUBDB-2023-08047). LHC/ATLAS Experiment.]

[*] =
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GN2X  
modelGN2X training: auxiliary tasks

• Advantage GN2X: auxiliary tasks 
• Improve jet classification 
• Improve interpretability of the model 

• Auxiliary task 1 
• Predict track origins track-by-track  

• Auxiliary task 2 
• Determine which tracks originate from same vertex 

• Model without auxiliary tasks shows decreased performance

L = Ljet + αLvertexing + βLtracking
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GN2X  
modelGN2X discriminant

DHbb
GN2X = log(

pHbb

fHccpHcc + ftopptop + (1 − fHcc − ftop)pQCD
)

• GN2X provides probability scores 
•  , , ,  

• Construct 1D discriminant 
•   = 0.02,   = 0.25 

• Cut on samples using discriminant 
• Working point (WP) corresponding to  
• Tight WP: high background rejection 
• Loose WP: high signal efficiency

pHbb pHcc ptop pQCD

fHcc ftop

ϵHbb

[*]
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GN2X  
performanceGN2X performance

• GN2X Hbb-tagging performance plot 
• Background rejection (top and multijet) 
• As function of Hbb efficiency 

• GN2X outperforms previous 
approaches across efficiency range 

• Rejection improvements at 50% 
• Top: 1.6x 
• Multijet: 2.5x

[ATLAS collaboration. (2023). Transformer Neural Networks for 
Identifying Boosted Higgs Bosons decaying into bb and cc in 
ATLAS (No. PUBDB-2023-08047). LHC/ATLAS Experiment.]

[*]



Boosted flavour-tagging within the ATLAS experiment 
Jurjan Bootsma | HHH Workshop 2025 | Dubrovnik | 30-09-202516

GN2X 
performanceBackground rejection as function of pT

Multijet rejection 
at 50% Hbb WP

• Roughly flat rejections 
• Reflects minimal multijet sculpting 

as function of pT

[*]
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GN2X 
performance

Multijet rejection 
at 50% Hbb WP

Top rejection 
at 50% Hbb WP

• Roughly flat rejections 
• Reflects minimal multijet sculpting 

as function of pT

• Variable distribution shape 
• Reflects change in top compositions 

• W(qq)  fully top-contained jets→

[*] [*]

Background rejection as function of pT
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GN2X 
performanceSignal efficiency as function of pT

•  efficiency compared to  
• Previous approaches 

• Efficiency decrease as function of  
• Subjet resolution effects 

• GN2X 
• Efficiency increase up to  = 1.5 TeV

H( → bb̄) pT

pT

pT

[*]
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GN2X 
performanceGN2X Hcc-tagging

• GN2X also provides Hcc-tagging 
• Event selection based on Hcc-discriminant 
• GN2X outperforms previous approaches 

across efficiency range 
• Rejection improvements at 50% 

• Top: 3x 
• Multijet: 5x 
• : 6xH( → bb̄)

DHcc
GN2X = log(

pHcc

fHbbpHbb + ftopptop + (1 − fHbb − ftop)pQCD
)

[*]
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CalibrationMass sculpting

• Mass sculpting problem 
• Tagging efficiency dependent on the 

large-R jet mass 
• Due to changing flavour compositions 

• Results in different pre-tag and post-
tag distributions 

• Important for calibration

[*]
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CalibrationSignal calibration

• Previous plots show MC-based performance 
• But we need application to data 

• Use  as standard for calibration 
• Should be similar resonance as Higgs due to 

mass independence 
• Scale factors to correct for MC-data difference

Z( → bb̄)

SF =
ϵdata

ϵMC
=

Ndata
passed

Ndata
total

NMC
passed

NMC
total

=

Ndata
passed

NMC
passed

Ndata
total

NMC
total

=
μpost−tag

μpre−tag
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OutlookOutlook: heterogeneous inputs

• Improving GN2X 
• Increase model input 

• Method 1: Add subjet tagging 
information 

• Use resolved tagger GN2 to tag subjets 
• Use kinematic + GN2 scores as input 

• Method 2: Add Flow objects 
• Use additional calorimeter information

[*]
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SummarySummary
• Boosted flavour-tagging has big potential for ATLAS analyses 

• Also triple Higgs: high-  Hbb tagging 

• State-of-the-art ATLAS boosted flavour-tagger: GN2X 
• Model improvements 

• Transformer architecture 
• Direct track-level input 
• Auxiliary tasks 

• Model MC performance (compared to previous Xbb approach) 
• Background rejection at 50% WP 

• Top: 1.6x 
• Multijet: 2.5x

pT



Back-up
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BackupDL1r input

[Aad, G., Abbott, B., Abbott, D. C., Abeling, K., Abidi, 
S. H., Aboulhorma, A., ... & Ballabene, E. (2023). 
ATLAS flavour-tagging algorithms for the LHC Run 2 
pp collision dataset. The European Physical Journal 
C, 83(7), 681.]
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BackupResolved flavour-tagging improvements
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BackupSamples

Training samples

Evaluation samples
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BackupTrack selection

Track selection requirements
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BackupModel GN1 to GN2
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BackupFlat-mass working points

[Talk by Waltteri Leinonen 
https://cds.cern.ch/record/2929790]

https://cds.cern.ch/record/2929790

