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The ATLAS Experiment
A Toroidal LHC Apparatu$

General-purpose particle physics experiment at the I
Large Hadron Collider (LHC) at CERN:
e Higgs sector investigations
e Extra dimension searches
e Dark matter searches
e SUSY searches
G

B ATLAS Experimant B8 S ATLAS at the HL-LHC:
e Collision Energy: 13.6 TeV

e Target Luminosity: up to 3000 fb™

High sensitivity to multi-TeV new physics.




Introduction

Diquark scalar S : heavy color-sextet scalar boson with b
+4/3 electric charge

All-hadronic final states

Vectorlike quark yx: heavy color-triplet fermion with +2/3
electric charge
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https://arxiv.org/abs/1810.09429

Theoretical uncertainties

Parton distribution functions (PDFs) = probability
of finding a quark or gluon carrying a certain
fraction of the proton’s momentum

The renormalization scale p_ = energy scale
introduced during renormalization to absorb UV
divergences from loop corrections

Factorization scale p_ = energy scale introduced
when absorbing initial-state collinear singularities
into the PDF’s.

PDF uncertainties: re-weighting procedure
M. and y_uncertainties: 7-point prescription
Samples are evaluated for the 7 (u, J. )

combinations:
(0.5, 1), (1, 0.5), (1, 2), (2, 1), (0.5, 0.5), (1, 1), (2, 2)

In the exact (all-orders) theory, physical observables are independent of both y, and ..
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Modular framework for fast simulation of S

detector response through parameterized particle propagator
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e kinematic smearing
to the physical particles momenta and energies.
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https://doi.org/10.1007/JHEP02(2014)057

Jet-related uncertainties
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Jet Energy Scale

e systematic bias correction to the average reconstructed jet energy
Jet Energy Resolution

e spread of reconstructed jet energy around the true energy

Uncertainty estimation: scaling each quantity up and down by factors of two
and one-half, as well as correlated variations

Clustering radius R
e sets the characteristic size of a jet
Uncertainty estimation: R=0.6 (baseline), R=0.2, R=1
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https://www.ericmetodiev.com/post/jetformation/

Other sources of systematic uncertainties

Pile-up uncertainty: effects evaluated for 25, 50, 100, 150, and 200
interactions per bunch crossing.
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K-fold uncertainty: Machine Learning related uncertainty using the k-fold
cross-validation method.

Luminosity uncertainty: HL-LHC luminosity is estimated to be measured with 1%
precision.




Results

For the M= 8 TeV, Min = 7.5 TeV benchmark point, in the S —xx, x—W'b channel:

Process

K-fold

PDF

Scale

Lumi

Pile-up

JES/JER

Cone

Suu

+0.03%

+12.9%

+21.7%
—-17.3%

h° + jj

+13.3%

+54.8%

+39.1%
—21.5%

W + jets

+6.98%

+40.8%

+32.2%
—20.4%

qq > 99

211.2%

+65.5%

+36.0%
—19.6%

PDF uncertainties are the dominant source of uncertainty

HL-LHC measurements might reduce PDF uncertainties by up to a factor of 2 to 4
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