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MOTIVATION

Why study Double Higes (HH) Production?

e Higgs potential describes how the Higgs field

behaves and how it interacts with itself

e One key prediction of the Standard Model (SM) is

the Higgs self-coupling parameter A
e We don’t know the shape of the Higgs potential
o A can tell us this. HH pair production allows
direct access to A, but it’s rare and

experimentally challenging
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MOTIVATION

Production Modes of HH

e Gluon-gluon fusion (ggF) - dominant mode, but large background
e Vector Boson Fusion (VBF)
o rare but cleaner, with distinctive forward jets
o Ko, — parameter that modifies how Higgs pairs couple to

vector bosons
e This project explores the HH — bbgg channel:

o BR(HH — bbgg) = ~10%
e How much background are we
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it somehow?
e Which sensitivity can we have

to bbgg?




JET TRUTH MATCHING & TAGGING

1e6 PDG IDs of Truth Particles Inside Jets (AR < 1.0) PDG ID of Truth Particles Inside Jets with Status == 23 (AR < 1.0)
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Jets are selected from simulated events and labeled using truth-level matching to H — bb and H — gg
decays by selecting status 23 partons within AR <1.0

e H— bb tagger mask is defined by ‘isHbb’ - selects jets containing 1 b-quark and 1 anti-b (PDG ID =5, -5)

e H— gg tagger mask is defined by ‘isHgg’ - selects jets containing 2 gluons (PDG ID = 21)



Normalized Entries

JET SUBSTRUCTURE DISTRIBUTIONS
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TRACK MULTIPLICITY

nTracks Distributions by Jet pr Bins
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ROC Curves for Individual Jet Substructure Variables with BDT and NN
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e nTracks shows the best separation between H — bb and H — gg distributions
e ROC curves show nTracks as the best single variable, while BDT/NN significantly improve

discrimination

o Each single-variable curve was generated using a separate basic logistic regression model trained

on one substructure observable at a time.
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EFFICIENCY DISTRIBUTION

Hgg Tagger Efficiency from Track Multiplicity (One-Sided Cuts)
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: f truth Heg jets that are tagged by the 60% cut
Efficiency (60%):#0 " gg jets that are tagged by the 60% cu

total # of truth Hgg jets

Cut nTracks Efficiency
80% > 26 79.70%
60% > 31 57.10%

e Cuts derived from truth-matched Hgg jets
e nTracks > 26 — ~80% Hgg tagging
efficiency
o petter signal retention but allows
more background jets
e nTracks > 31 — ~60% efficiency
o pbetter background rejection but also
loses some signal jets



UNSCALED MASS DISTRIBUTIONS
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SCALED MASS DISTRIBUTIONS
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Counts

SCALED MASS DISTRIBUTIONS
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Cross Section of Background: 26,454,000 pb
Scale Factor of Background: 34,314,143.93

W Results:

o Significance:0.400
o 10x less than HH —
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CONCLUSIONS AND OUTLOOK

e Background dominates signal by several orders of magnitude
e The cut on nTracks (60% efficiency) improves Hgg tagging and reduces
background contribution while keeping reasonable signal efficiency
e Obtained a preliminary significance of ~ 0.40 for k,, =0
o encouraging result despite small value
e Further study needed to refine analysis selection
o add VBF jet selection

o more refined H — gg tagger

o more precise background estimation

11



Thank you!




backup slides




JET COMPOSITION
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CORRELATION PLOTS

2D Histogram: H-bb
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EVENT SELECTION WITH JET TAGGERS

For the detector-level dataset

e Inputs:
o Hbb tagger: ‘isXbbTagged’ - Events Signal Background
trained ATLAS tagger
Total events 60,000 5,000,000
o Hgg tagger: nTracks > 31
e Selection criteria: Hbb only 8,719 141,749
o Require exactly 1 Hbb-tagged jet
_ Hgg only 17,703 824,372
and 1 Hgg-tagged jet per event
= requiring “at least one” per jet  Both (Selected) 7,314 36,874
gives a similar significance
Percent Selected (%) 12.19 0.74

o Apply to both signal and QCD
background samples
o Apply scale factors to match

cross-sections

Total

5,060,000

150,468

842,075

44,188

0.87
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