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Top quarks: Reveal the birth
of the universe.

® A pair of top quarks has been detected in the
detritus spraying forth from the collision of two
atoms of lead.

® All six quark flavors existed at the dawn of time, in
the soupy quark-gluon plasma in the moments
after the Big Bang.

A visualization of the production of a top quark pair in a
lead-lead collision. (ATLAS/CERN)

® The problem with studying: quarks decay very,
very quickly, in just a tiny fraction of a second.

® To study the quark-gluon plasma, physicists use
particle colliders like the Large Hadron Collider
to smack heavy particles together.
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https://home.cern/news/news/physics/atlas-observes-top-quarks-lead-lead-collisions

Objective

+* These background processes pose challenges
for extracting the rare signal in particle physics
experiments. Our research aims to improve

analysis strategies that will better estimate the
background and increase the sensitivity for
detecting the tWZ signal.

@) Junior researcher | Tarasenko Vika 25 June 2025 3



Signal & Backgrounds

Signal - tWZ

* The production of a top quark in association with a W
and a Z boson (tWZ) is a small Standard Model (SM)
process that has not been observed yet. tWZ is also a

background for analyses of many other processes.

Main Background - ttZ, WZ

* The backgrounds have similar kinematics as the signal,
and thus are selected in the signal-enriched region in

the analysis.
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Machine Learning for Signal/Background
Separation

/Model Selection \

®* Train a machine learning model to distinguish between the tWZ signal and
background events.
®* Model will be a Deep Neural Network (DNN) or a Transformer network.

Score as Fit Variable

* The score output by the trained ML model will be used as the fit variable in the
Signal Region (SR).
* This approach aims to enhance the separation of signal and background, leading

\ to a more sensitive analysis. /
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Preselection

Lepton selection: 3 tight leptons with p;> 30,20,10

all mygse,>10 GeV  Exactly 1 Z Candidate |mpggq, - my| < 10 GeV

Jet selection: = 2 jets, = 1 b-tagged jet

- A pre-selection cut applied in the configuration before training

« Included the following variables as model inputs:
nJets, nBjets, HT, met_met, met_phi,
lead_jet_pt, sublead_jet_pt, lead_lepton_pt, sublead_lepton_pt,
thrid_lepton_pt, lead_jet PCBT, sublead_jet_ PCBT
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Model Architecture

input layer hidden layers

Model: Multi-layer perceptron with layers (64 wi D - A 5

and 32 neurons (ReLU)), Dropout, and % W ‘ wy,'? output layer

Sigmoid output. X5 wio'2) ‘ w9

Training: Loss function — binary ‘ ‘ ‘ w)

crossentropy; optimizer — Adam. e . . 2
- Optuna was used to tune layers, number of ‘ .

neurons, Dropout rate, learning rate, and 5 ‘ ‘ ’ A

batch size. i ' Wy, Ip

—@
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Accuracy and Loss

Accuracy

Loss
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True label

Confusion Matrix

Confusion Matrix
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Bias toward recognizing signal events
(but difficulties with distinguishing
background events) caused by the lack of

class weight balancing during training

Signal is far less frequent than the
background in real data, applying

balanced class weights
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Objective Value

Optimization dynamic

* Blue dots — represents validation loss / error for each trial, while the red
line tracks the best achieved value up to that point.

Optimization History Plot
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Hyperparameter

Hyperparameter Importance

Hyperparameter Importances

dropout 0.16

batch_size
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Next Steps

« Include all ROOT files into the training dataset
Implement multi-class classification (for tWZ, ttZ, WZ, and backgrounds)
Build ROC curve and compute AUC score
Add a score distribution plot (DNN output score / Number of events)
Use the branch weight_total NOSYS as sample_weight during training

Re-run hyperparameter optimization
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