


LO: Double t: 𝑔𝑔 → 𝑡 ҧ𝑡 → 𝑊𝑏𝑊𝑏

NLO: Single t: 𝑔𝑏 → 𝑡𝑊𝑏 → 𝑊𝑏𝑊𝑏
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Doubly resonant (LO) Singly resonant (NLO)

LO: Double t: 𝑔𝑔 → 𝑡 ҧ𝑡 → 𝑊𝑏𝑊𝑏

LO:  Single t: 𝑔𝑏 → 𝑡𝑊 → 𝑊𝑏𝑊

Top-quark production processes at the LHC:
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ATLAS Run-2 dataset (2015-2018): 𝑠 = 13 TeV corresponding to L = 139 fb−1
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Detector-level distributions for 𝑚𝑏𝑙
minimaxand Δ𝑅(𝑏1, 𝑏2)
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𝑅 = 𝑹 ⋅ 𝑇
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Correction factors:

𝑓acc
𝑗

= acceptance factor

𝜖𝑖= inefficiency factor



1D and 2D external bin edges 2D internal bin edges

“𝑋 in bins 𝑌” 𝑋 “internal ”  and 𝑌 “external ”
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where
𝛿 = conservative factor
𝑘% = upper limit for 

stat. uncertainty
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Preliminary fiducial cross-section

measurement (without proper

evaluation of  all the systematics)

DR vs DS
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2D cross-section measurement as a function of  𝑚𝑏𝑙
minimax in bins of  Δ𝑅(𝑏1, 𝑏2)
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At LO 𝑡 ҧ𝑡 and 𝑡𝑊 don’t interfere (different final-states)
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s-channel t-channel
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CERN – ATLAS, 2016:

“Search for top squarks in final states with 

one isolated lepton, jets, and missing 

transverse momentum in 𝑠 = 13 TeV 𝑝𝑝
collisions with the ATLAS detector ”.

Background processes given by 𝑡 ҧ𝑡 and 𝑊𝑡
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𝑚𝑏𝑙
minimax ≡ min{max 𝑚𝑏1𝑙1

, 𝑚𝑏2𝑙2
, max 𝑚𝑏1𝑙2

, 𝑚𝑏2𝑙1
}

𝑚𝑏𝑙
minimax > 200 GeV, 

contribution of  two

on-shell top final-

state is suppressed

and interference

become large
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𝑊𝑏𝑊𝑏 cross-section for 𝑡 ҧ𝑡 production, measured by 

ATLAS in 2020

Excess of  data could be explained by the 

existance of  the 𝜂𝑡 state
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𝑝𝑝 → 𝜂𝑡 → 𝑡(∗) ҧ𝑡(∗) → 𝑊+𝑏𝑊− ത𝑏
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(1 + 𝑐𝑜𝑠 ҧ𝜃)(1 + 𝑐𝑜𝑠 𝜃) + (1 − 𝑐𝑜𝑠 ҧ𝜃)(1 − 𝑐𝑜𝑠 𝜃) + 2 𝑠𝑖𝑛 ҧ𝜃 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠( ത𝜙 − 𝜙)

𝑚 ҧ𝑙𝑙′
2 = 2𝐸 ҧ𝑙𝐸𝑙′(1 − 𝑠𝑖𝑛 ҧ𝜃 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 ത𝜙 − 𝜙 − 𝑐𝑜𝑠 ҧ𝜃𝑐𝑜𝑠𝜃)



Detector-level distributions for leading and subleading leptons and  b-jets 𝑝𝑇 and 𝜂
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DR scheme
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