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INTRODUCTION
• Vector-like quarks (VLQs) appear in many Beyond

Standard Model (BSM) theories as a way to explain
problems in the Standard Model (SM) such as the
hierarchy problem

• A search is performed for the vector-like top quark
partner, T , decaying into a SM top quark and a
Higgs boson, both decaying hadronically

• Exclusion limits are set at the 95% confidence level
for VLQ models of various mass (mT ) and coupling
values (κT )

•

EVENT SELECTION

• Lepton veto

• Leading large-R jet pT ≥ 500 GeV

• 2nd leading large-R jet pT ≥ 350 GeV

• |η| ≤ 2.0

• 100 ≤ mjet ≤ 225 GeV

2 Anti-ktLarge-R = 1.0 jets

LARGE-R JET TAGGING
b-Tagging:
Variable radius (VR) track jet contained inside a large-R
jet and b-tagged using the DL1 [1] algorithm at 70% W.P.
Higgs tagging:
Mass window (100 ≤ mjet ≤ 140 GeV) and τ21 substruc-
ture upper bound that varies with pT to provide 70% W.P.
Top-tagging:
Mass window (140 ≤ mjet ≤ 225 GeV) and High level
Deep Neural Network (DNN) tagger based on jet sub-
structure variables [2] at 80% W.P. for fully contained top
candidates.

SIGNAL REGION DISTRIBUTION
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• Dijet invariant mass distribution in the signal region
for a signal sample with mT = 1.6 TeV and κT = 0.5

Source Events Uncertainty
tt̄ all had. MC 147 ± 17
tt̄ semi-leptonic 14 ± 10
Single top quark 8 ± 6
tt̄ + W/Z/H 9 ± 2

Multijet 316 ± 19
Signal -9 ± 21

Prediction 494 ± 22
Data 471

• Post-fit yields with the full Run 2 data (139 fb−1)
show no excess

BACKGROUND ESTIMATE
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• MC used to estimate SM background

• Data driven "ABCD" technique used to measure
multijet background

• tt̄ background normalized to data in dedicated nor-
malization region

• Leading large-R jet’s leading subjet mass distribu-
tion in tt̄ normalization region used to validate back-
ground modelling

EXCLUSION LIMITS
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Theory
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• 2D phase space defined by 1.0 ≤ mT ≤ 2.3 TeV and
0.1 ≤ κT ≤ 1.6

• Profile-likelihood fit of VLQ signal strength for each
mT and κT is performed on the dijet invariant mass
distribution in the signal region

L(µ, θ) =

Nb∏
i=1

Poiss(µSi + bi)

Np∏
j=1

Gauss(θj , σj)

• CLS [3] method used to set 95% confidence level up-
per limits on the signal cross-section

INTERPRETATIONS OF THE T → Ht LIMITS
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• Observed and expected 95% confidence level upper
limits on κT as a function of mT

• All κT values above the solid line have been ex-
cluded

• Dashed lines are Γ/MT ratios
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• Observed 95% confidence level lower limits on
the T -quark mass as a function of Γ/MT and the
branching fraction of the T → Ht decay

• The three decay modes of the vector-like T quark
are T → Ht/Wb/Zt

• B(T → Ht) and B(T → Zt) are assumed to be equal

• B(T → Wb) = 1− B(T → Zt)− B(T → Ht)

CONCLUSIONS
• Submitted to PRD: ArXiv:2201.07045

• Set exclusion limits up to mT = 2.3 TeV and κT =
1.6

• Extended the sensitivity of vector-like T quarks
decaying hadronically, lowering previous cross-
section upper limits by a factor of 2 [4]
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