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Measurements of the production of a Higgs boson in association with a ¢7 pair in the H — bb
decay channel are presented. The analysis uses 140 fb~! of 13 TeV proton—proton collision data
collected with the ATLAS detector at the Large Hadron Collider. Final states with one or two
electrons or muons are considered for signal selection. An excess of events over the expected
background is found with an observed (expected) significance of 4.6 (5.4) standard deviations.
The 17H cross-section is oz = 41101 = 411 + 54(stat.)*33 (syst.)fb for a Higgs boson mass
of 125.09 GeV, consistent with the prediction of the Standard Model of 507f35% fb. The cross-
section is also measured differentially in bins of the Higgs boson transverse momentum within the

simplified template cross-section framework.
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Measurement of ttH(bb) in pp collisions at /s = 13 TeV With the ATLAS experiment

1. Introduction

After the Higgs boson (H) discovery in 2012 [1, 2], measuring its properties became crucial.
This analysis [3] focuses on the associated production of a top-antitop quark pair with a Higgs boson
decaying into bb (tfH(bb)) using the Run-2 data acquired by ATLAS [4], probing the Higgs-top

Yukawa coupling. The re-analysis of the full Run-2 dataset, with 140 fb~! of data, follows a previous
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1.0 (2.7) standard deviations. Improvements include enhanced b-tagging, refined event categoriza-
tion based on b-jets, and the use of advanced multiclass neural networks to distinguish signal from

analysis [5] that measured a signal strength of 0.35 with an observed (expected) significance of

background and reconstruct the Higgs Boson transverse momentum (prt). The main backgrounds
are {7 + jets, divided into categories such as ¢7 + light, t7+ > lc, t+ > 2b, tf + 1B (contains more
than one b—jet from a b-hadron) and 7 + 15 [3] (contains only one b-jet from b-hadrons). Signal
events are split into single-lepton and di-lepton channels, with single-lepton events further divided
into boosted (high Higgs Boson pr) and resolved (low Higgs Boson pt) categories.

2. Event pre-selection and Signal Extraction

The event selection uses small-radius jets (anti-k;, R = 0.4, pt > 25 GeV), electrons (pt > 10
GeV), and muons (pr > 10 GeV). Four working points (WP) are defined that correspond to different
efficiencies for b—jets to pass the selection on the DL1r output variable as measured in simulated
tt events. Large-radius (LR) jets are reconstructed by reclustering small-radius jets with the anti-k,
algorithm (R = 1.0). For di-lepton events, at least three jets, with > 2 b—tags at 70% WP, > 3 at
85% WP, and two leptons are required. One lepton must have pt > 27 GeV, matching the trigger,
while the second has pr > 15 GeV'. In the single-lepton channel, events are divided into resolved
and boosted categories. Boosted events require > 4 jets, > 3 b—tags at 85% WP, one lepton, and
> 1 LR jet. Resolved events require > 5 jets, > 3 b—tags at 70% and 85% WP, and one lepton.
After pre-selection, events are classified into control regions (CR) dominated by background and
signal regions (SR), using a multiclass neural network based on a transformer architecture with
an attention mechanism. This network assigns each event a probability, p;, of belonging to one
of six categories (one signal, five background). To further separate events, a discriminant score,

d; = ﬁ, is used, where the denominator is a weighted average of the remaining class
j#i PjINL]

probabilities. The weight N is defined as N = %, with N; representing the expected event
yield. By applying selection requirements on the discriminant scores, similar events (e.g., tf + ¢
and ¢ + light) are further separated, improving purity of the desired events in CRs. This allows for
the data driven normalization of backgrounds and reduces systematic uncertainties in the combined
profile likelihood fit involving both CRs and SRs.

3. Results

After assigning events to their designated CRs or SRs, a profile likelihood fit is performed using
discriminant distributions for resolved regions, and the reconstructed Higgs pr for boosted regions.

! An invariant mass cut of 15 GeV suppresses heavy flavor resonance decays for electrons.
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Figure 1: The measured t7H cross-sections measured in bins of truth Higgs boson pt for a Higgs boson
rapidity |p| < 2.5, and measured inclusively in the full phase space (combined single lepton and di-lepton),
normalised to their SM predictions, as obtained from a combined profile-likelihood fit to data in all signal
and control regions. The uncertainties are shown separately for the measurement and the prediction.

The fit revealed an excess of events over the expected background, with an observed (expected)
significance of 4.6 (5.4) standard deviations. The predicted SM cross-section is 507 fb and the
measured cross-section is: o7y = 4111%1 =411+ 54(stat.)i%55(syst.)fb. The cross-section mea-
sured in bins of truth Higgs pr is shown in Figure 1. This analysis is more sensitive and precise than
the previous one [5], driven by the use of the transformer network, improved systematic modeling,
and looser event selection. The boosted analysis enhances the statistically limited high-pt events.
The result aligns with the SM prediction, and further precision improvements are expected with the
Run-3 dataset.
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