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We investigate the potentially observable consequences of resonant production of vectorlike quarks
through a diquark scalar, 𝑆𝑢𝑢, in proton-proton collisions at the LHC energy. For this study, we
consider the vectorlike quark decay into a𝑊+ boson and a 𝑏 quark, leading to a 6-jet final state. We
focus on studying the 7 and 8.5 TeV mass 𝑆𝑢𝑢, for 13 and 13.6 TeV LHC, analyzing its signature
particularly through the ATLAS and CMS detectors. Based on comprehensive Monte Carlo (MC)
simulations, we developed a dedicated Machine Learning (ML) algorithm for separating signal
events from the associated background. Three different models are described (Boosted Decision
Tree, Random Forest and Neural Networks), choosing the most efficient one. We show that the
background can be reduced to a negligible level by choosing high-purity working points. A
signal-background discriminant is defined based on all variables used in the ML algorithm.
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1. Introduction

With Run3 data taking, particle detector improvements and the High Luminosity LHC (HL-
LHC), there is an increasing interest regarding physics Beyond the Standard Model (BSM). This
study is motivated by a small excess of≈ 8𝑇𝑒𝑉 resonances in 4-jet final state events found by CMS [1]
and ATLAS [2]. A diquark model may act as the theoretical foundation of these experimental
results [3]. Monte Carlo (MC) signal and background samples are produced. Machine Learning
algorithms are then used in order to discriminate the signal events against the background processes.

2. Monte Carlo samples

We consider the diquark scalar particle as model independent, with the following charac-
teristics: colour sextet, weak-singlet particle, +4/3 electric charge. Its main decay modes are:
(𝑆2/3𝑆2/3), (𝜒𝜒), (𝑢𝑢), (𝑡𝑡). We are studying the following decay channel: 𝑢𝑢 → 𝑆𝑢𝑢 → 𝜒𝜒 →
(𝑊+𝑏) (𝑊+𝑏) with 𝑊+ → 𝑗 𝑗 , assuming that our vectorlike quarks decay ratio is 𝐵.𝑅.(𝑊+𝑏) :
𝐵.𝑅.(𝑍0𝑡) : 𝐵.𝑅.(𝐻𝑡) = 50% : 25% : 25%.

Comprehensive MC signal samples for diquark masses ranging from 7 to 8.5𝑇𝑒𝑉 for
√
𝑠 = 13

and 13.6𝑇𝑒𝑉 were produced, for both ATLAS and CMS detector parametrizations. The production
cross-sections of signal samples are shown in Figure 1. Kinematics in both signal and background
events are constrained by setting a minimum invariant mass of 5.5 − 7𝑇𝑒𝑉 , according to each
sample. Data samples of numerous background processes were produced: 2 → 2 QCD, W+jets,
Higgs processes, dibosons, ttbar.
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Figure 1: Diquark scalar production cross section (𝜎) dependence on mass for
√
𝑠 = 13𝑇𝑒𝑉 and 13.6𝑇𝑒𝑉 .

3. Machine Learning analysis and signal efficiency

Three different classification models are tested: Boosted Decision Tree (BDT), Random For-
est (RF) and Neural Networks (NN). Over 50 input variables were used to train the algorithms.
Depending on the random process of model parameter initialization, either the BDT or RF could
end up slightly ahead on subsequent runs. We choose to work with the RF model because it is less
prone to over-fitting. The RF model allows the selection of a clean sample of signal events which
enables the identification of the scalar diquark resonance in the 6-jet invariant mass distribution.

Regardless of the invariant mass, center-of-mass energy or detector, the S/B variable increases
similarly with tighter working points. As it can be seen in both plots in Figure 2, the cross-section
brings the main difference.
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Figure 2: S/B vs discriminator cut for ATLAS and CMS,
√
𝑠 = 13.6𝑇𝑒𝑉 and 𝑚𝑆 ranging from 7.0 to 8.5𝑇𝑒𝑉 .

4. Outlook and future plans

MC signal samples are produced, assuming 𝑆𝑢𝑢 decays into 2 VLQs, which subsequently
decay hadronically resulting in a 6-jet final state. Testing three different ML models, this study
proves similar performance for this particular case. We chose to work with the RF model. For
𝑚𝑆 ≥ 7.5𝑇𝑒𝑉 and discriminant value greater than 0.97, we obtain S/B values approaching 5, close
to a discovery or a ruled out situation. We plan to continue our study by further investigating the
semi-leptonic and the fully leptonic decay modes of the same channel. Considering the other decay
possibilities of our VLQs, we foresee an in-depth analysis of all other final states.
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