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• NMSSM predicts an extended Higgs Sector with 7 Higgs particles

• The focus of this analysis is the lightest CP -even Higgs boson ( 𝐻1) 

• The signature is a pair of 𝐻1 bosons produced in SUSY cascade decays, which arise from the 

pair production of squarks and gluinos
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• Search for 2 highly -boosted 𝐻1 bosons that decay into 𝑏ത𝑏 pairs, reconstructed as 2 large 

radius (AK8) jets using substructure techniques → (double) 𝒃-tagging is important!
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INTRODUCTION
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• Identifying jets originating from 𝑏-quarks using characteristic 𝐵-hadron signatures :

• Long lifetime → displaced tracks and secondary vertices

• Relatively large 𝐵-hadron mass

• Semileptonic decays → possible soft leptons inside the jet 

• Jet taggers are ML -based these days

𝐻1

𝑏

ҧ𝑏
Primary 
vertex

Secondary 
vertex

• For a boosted 𝐻1 → 𝑏ത𝑏 decay, both 𝑏-quarks can be 

reconstructed inside a single large -radius AK8 jet.

• This is not conventional single 𝑏-tagging: the tagger must 

identify a two-prong 𝑏ത𝑏 structure within one jet and 

distinguish it from QCD jets.
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• Analysis performs search of 𝐻1 bosons in 

mass range 10 -125 GeV

• Study double 𝑏-tagging performance 

across masses
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• Output of the tagger is a score between 0 and 

1. 

• For a given score threshold:

• Efficiency: Fraction of signal jets above 

threshold.

• Fake rate: Fraction of QCD background 

jets above same threshold.

• Scan over thresholds to produce ROC curve
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• Output of the tagger is a score between 0 and 

1. 

• For a given score threshold:

• Efficiency: Fraction of signal jets above 

threshold.

• Fake rate: Fraction of QCD background 

jets above same threshold.

• Scan over thresholds to produce ROC curve

Found that tagger 
works best at low 𝒎𝑯!



B-TAGGING PERFORMANCE

GLOPART
• Global Particle Transformer ( GloParT ) is a transformer-based jet tagger that uses jet 

constituents to identify boosted 𝑋 → 𝑏ത𝑏 decays.

• The tagger is trained to be independent of jet mass 

• Mass not used as input

• Training reweighted in 𝑚SD and 𝑝T to remove their discriminating power

• Despite this, substructure observables can still be indirectly affected due to their correlation 

with jet mass and 𝑝T
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The CMS Collaboration, The Global Particle Transformer for boosted -jet tagging and mass regression: Development and performance from v1 to v3, 
https://cds.cern.ch/record/2966239/files/DP2026_104.pdf
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• In particular, the angular separation between the 𝑏-quarks (Δ𝑅𝑏𝑏) differs significantly across 

masses 

𝐻1
(lower mass)

𝑏

ҧ𝑏

𝐻1
(higher mass)

𝑏

ҧ𝑏
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𝚫𝑹𝒃𝒃 DEPENDENCE
• Look at tagger performance as a function of Δ𝑅𝑏𝑏

NExT PhD Workshop26/08/2026 9



B-TAGGING PERFORMANCE

𝚫𝑹𝒃𝒃 DEPENDENCE

9

• Look at distributions for signal and QCD 

• Look at tagger performance as a function of Δ𝑅𝑏𝑏
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• Cannot define Δ𝑅𝑏𝑏 for background sample →Makes comparison difficult 

• Find a proxy variable:

• Can be used to select roughly the same sample of jets in each bin as Δ𝑅𝑏𝑏

• Can be equally defined for signal and QCD

• Try angular separation between SubGenJets (𝜟𝑹𝑺𝑱)

• Reasonable in the lower Δ𝑅 bin
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SIGNAL BACKGROUND
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B-TAGGING SCALE FACTORS

𝝁-TAGGED METHOD
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• GloParT trained only on simulation → Need to derive scale factors to correct for differences 

in the 𝑏-tagging response between data and simulation.
SF =

𝜖data

𝜖MC

• The method calibrates the 𝑋 → 𝑏ത𝑏 signal jets using proxy jets from gluon splitting 𝑏ത𝑏 jets 

that contain a soft muon within their respective cones.

• Hadronised final state initiated from the decay of a 𝑏-quark has a 20% probability of 

including a muon → requirement provides a good handle to select a pure sample of heavy -

flavour jets.

The CMS Collaboration, Performance of heavy -flavour jet identification in Lorentz -boosted topologies in proton -proton collisions a t √ s = 13 TeV, 
https://arxiv.org/pdf/2510.10228
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calculation
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Carlo
Common selection 

applied at trigger and 

offline levels:

• Event selection via 

jet + muon trigger

• Jet selection with 

kinematic and muon -

in-jet requirements

Define pass / fail 

regions by 

applying tagger 

WPs

Jets matched to truth -level 

hadrons to identify their flavour

(𝑏, 𝑐, light).

𝜖 =
Npass,b

Npass,b + Nfail,bS imulation -derived Σ𝑚SV

templates are fitted to the data 

to extract the flavour

composition.

Data = NbTb + NcTc + NlTl

Data
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B-TAGGING SCALE FACTORS

MUTAG-CALIB FRAMEWORK

• Method implemented in for di -Higgs analyses for 

now

• Initial validation step: run the full framework for 

𝐻𝐻𝑏𝑏𝛾𝛾

• Asked the author for obtained results

• Now have perfect agreement!

• Start working on adapting the framework to our 

analysis
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CONCLUSIONS & FURTHER WORK
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• Analysis presents a search of light Higgs bosons with small missing transverse momentum, which 

deviates from traditional SUSY searches

• Identification of 𝐻1 jets relies heavily on double 𝑏-tagging, which is a crucial part of the analysis

• Focus on two aspects: 

• 𝑏-tagging performance study

• Scale factor derivation

Uncovered mass dependence of the 
tagger, related to Δ𝑅𝑏𝑏

Currently looking into accessing relevant MC 
information for QCD sample

Validated the framework for 𝐻𝐻𝑏𝑏𝛾𝛾
analysis 

Adapt framework to NMSSM analysis and test 
its robustness
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GLOPART SPECIFICATIONS 
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The CMS Collaboration, The Global Particle Transformer for boosted -jet tagging and mass regression: Development and performance from v1 to v3 (slide 34) 
https://cds.cern.ch/record/2966239/files/DP2026_104.pdf

https://cds.cern.ch/record/2966239/files/DP2026_104.pdf
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The CMS Collaboration, The Global Particle Transformer for boosted -jet tagging and mass regression: Development and performance from v1 to v3 (slide 35) 
https://cds.cern.ch/record/2966239/files/DP2026_104.pdf
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The CMS Collaboration, The Global Particle Transformer for boosted -jet tagging and mass regression: Development and performance from v1 to v3 (slide 35) 
https://cds.cern.ch/record/2966239/files/DP2026_104.pdf
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The CMS Collaboration, The Global Particle Transformer for boosted -jet tagging and mass regression: Development and performance from v1 to v3 (slide 39) 
https://cds.cern.ch/record/2966239/files/DP2026_104.pdf
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GLOPART DISCRIMINANT 
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The CMS Collaboration, The Global Particle Transformer for boosted -jet tagging and mass regression: Development and performance from v1 to v3 (slide 8) 
https://cds.cern.ch/record/2966239/files/DP2026_104.pdf

https://cds.cern.ch/record/2966239/files/DP2026_104.pdf


𝐻1

𝑏

ҧ𝑏

• Higher 𝑏-quark separation → Larger fraction of jets with one 𝑏-quark falling outside the cone 

→ Reduced score
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𝒃-quark containment
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ALL 𝐻1 JETS 𝐻1 JETS WITH 2 𝑏s

• Higher 𝑏-quark separation → Larger fraction of fatjets with one 𝑏-quark falling outside the 

cone → Reduced score
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𝒃-quark containment
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𝚫𝑹𝒃𝒃 PERFORMANCE
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𝚫𝑹𝒃𝒃 DEPENDENCE
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• Naively expect large Δ𝑅 → more signal -like (QCD favours small, collinear splittings )

• But training is reweighted in 𝑚SD and 𝑝T → Compare at fixed kinematics

• Heuristic prediction based on 2-body dynamics & leading -order, soft collinear QCD

• Signal peaked at 2𝑚H/𝑝T, narrower distribution at small 2𝑚H/𝑝T

• QCD broad, falling as ∼ 1/Δ𝑅 above kinematic minimum ( Δ𝑅 ≥ 2𝑚/𝑝T)

• Implication:

• Small 2𝑚/𝑝T → sharper signal peak vs broad QCD → better separation

• Large 2𝑚/𝑝T → more overlap → reduced discrimination

A. Larkoski , An Unorthodox Introduction to QCD, arXiv:1709.06195 (2019) https://arxiv.org/pdf/1709.06195

J. Shelton, TASI Lectures on Jet Substructure, arXiv:1302.0260 (2013) https://arxiv.org/pdf/1302.0260
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𝚫𝑹𝒃𝒃~2𝑚H/𝑝T
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SMALL 𝚫𝑹𝒃𝒃
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𝚫𝑹𝒃𝒃 PROXY VARIABLE STUDIES
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𝑝T distributions for fatjets in Δ𝑅𝑏𝑏 bins   

Migration to higher 

Δ𝑅𝑏𝑏 bins is largely 

due to two 𝑏-quarks 

matched to the 

same SubGenJet
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𝚫𝑹𝒃𝒃 PROXY VARIABLE STUDIES



𝚫𝑹𝒃𝒃 PROXY VARIABLE STUDIES
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𝑝T distributions for fatjets in Δ𝑅𝑏𝑏 bins (small range)   

Migration to lowest Δ𝑅𝑏𝑏 bin not understood
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QCD 𝒎SDBINS
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