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Introduction

Summary Plots for Heavy Particle Searches and Long-lived Particle Searches - March 2023

• BSM physics at the TeV scale is a major goal for 
LHC. 

• Exotics group covers a big part of ATLAS new 
searches

• Many extensions of the Standard Model predict 
new heavy particles that could appear as 
resonances decaying into quarks, leptons or 
photons. 

• Using 13 (Run 2) and 13.6 TeV (Run 3) pp collision 
data from the LHC, ATLAS explores these signatures

• This talk covers two recently published results:
1. 𝑋 →  𝑡 ҧ𝑡 , 1/2 lepton, in full Run 2 data
2. Quantum Black Hole resonances in lepton + jet 

final states in Partial Run 3 data

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
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Title: Search for 𝒕𝒕¯ resonances in final states with exactly one or two leptons using 140 

fb−1 3 of 𝒑 𝒑 collision data at √ 4 𝒔 = 13 TeV with the ATLAS experiment

• model agnostic search for an s-channel resonance decaying to 𝑡 ҧ𝑡 

• two orthogonal 1 and 2 lepton channels.
• Wide range of BSM models considered for benchmarking:

• spin-1 𝑍𝑇𝐶2
′  from top-color assisted technicolor models. 

• Spin-2 Kaluza-Klein gravitons from Randall-Sundrum model
• Spin-1 color octet: 𝑔𝑘𝑘 Kaluza-Klein excitations of gluons predicted by models 

with extra dimensions. Previous search excluded 𝑔𝑘𝑘 lower than 3.7 TeV

• Trigger selection:
• Candidate events for both the 1- and 2-lepton channels are selected using 

single-muon and single electron triggers.

• Backgrounds:
• W + jets and fake leptons in the 1-lepton channel 
• Z + jets in the 2-lepton channel

• Data driven correction factors
 

𝑿 →  𝒕 ҧ𝒕 1/2 lepton https://arxiv.org/pdf/2512.17856 

https://arxiv.org/pdf/2512.17856
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• 𝑚𝑡 ҧ𝑡 constructed from:

1. small-R jets, lepton and missing transverse momentum in the resolved topology.
2. top-tagged large-R jet, small –R jet, lepton and MET in the merged topology.

• At larger resonance masses, a tail towards masses lower than the generated mass is visible, which arises from 

off-shell production of the signal

𝑿 →  𝒕 ҧ𝒕 1 lepton channel https://arxiv.org/pdf/2512.17856 

Public plots: Signal distributions in mtt̄ after the signal region selection of the 1-lepton channel for the (a) Z', (b) GKK, and (c) gKK signals for 

various representative values of the resonance mass. Events from the Resolved 1b, Resolved 2b, and Merged signal regions are included.

https://arxiv.org/pdf/2512.17856
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-49/
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• 𝑚𝑡 ҧ𝑡 can’t be constructed unambiguously due to presence of two neutrinos
• 𝑚𝑙𝑙𝑏𝑏  used instead.
• The same trend of low-mass tails for the high-mass signals that were seen in the 𝑚𝑡 ҧ𝑡 distributions 

are also visible in the 𝑚𝑙𝑙𝑏𝑏  distributions

𝑿 →  𝒕 ҧ𝒕 2 lepton channel https://arxiv.org/pdf/2512.17856 

Public plots: Signal distributions in mllbb after the signal region selection of the 2-lepton channel for the (a) Z', (b) GKK, and (c) 

gKK signals for various representative values of the resonance mass. Events from the five signal regions are combined.

https://arxiv.org/pdf/2512.17856
https://arxiv.org/pdf/2512.17856
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-49/
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• best limits on the cross-section times branching fraction to 𝒕 ҧ𝒕 for the 𝑍𝑇𝐶2
′  signal for 𝑚𝒕 ҧ𝒕 < 1.5 TeV:

• 𝑍′𝑇𝐶2 relative Γ = 𝟑% excluded for masses below 4.2 TeV. 
• 𝑍′𝑇𝐶2 relative Γ = 𝟏. 𝟐% excluded for masses below 3.65 TeV.
• Slightly weaker than previous search on fully hadronic final states which excluded 𝑍𝑇𝐶2

′  bosons with 1% and 3% relative widths with 
masses up to 3.9 TeV and 4.7 TeV, respectively [1],  

• best limits the full 𝑚𝒕 ҧ𝒕 range for :
1.  𝑔𝒌𝒌 with a relative width of 30% (4.1 TeV )
2.  𝐺𝒌𝒌 (1.3 TeV)

𝑿 →  𝒕 ҧ𝒕 Results https://arxiv.org/pdf/2512.17856 

https://link.springer.com/article/10.1007/JHEP10(2020)061
https://arxiv.org/pdf/2512.17856
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Quantum Black Hole resonances 
in lepton + jet final states

Title: Search for quantum black holes in lepton and jet final states using 𝒑 𝒑 collisions at √ 3 𝒔 = 13.6 TeV with 4 the 

ATLAS detector

• Low scale quantum gravity models predict quantum black holes:

• ADD model: the gravitational field is allowed to propagate in n extra dimensions 
• RS1 model: a single extra dimension separates two 3D branes by some distance

• This analysis was previously done with Run2 data: Search for quantum black hole production in final states using 
proton-proton collisions at with the ATLAS detector | Phys. Rev. D 

 

https://arxiv.org/pdf/2604.19495 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.032010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.032010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.032010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.032010
https://arxiv.org/pdf/2604.19495
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Quantum Black Hole resonances 
in lepton + jet final states

• What’s new in Run3

• Increase in production cross section by up to an order of magnitude 
with COM energy increase of 0.6 TeV due to power law dependence.

• Partial Run 3 data corresponding to an integrated luminosity of 164 

𝑓𝑏−1 vs 140 𝑓𝑏−1in full Run2 
• Looking at ADD models for n=2,4, and 6 vs only n=6 for the run 2 

analysis.

 

Public plots: Search for quantum black holes in lepton+jet final states 
using proton-proton collisions at $\sqrt{s}=13.6$ TeV with the ATLAS 
detector

https://arxiv.org/pdf/2604.19495 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-32/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2024-32/
https://arxiv.org/pdf/2604.19495
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• Previous results in Run2 analysis: 

• lower mass threshold limits in the ADD = 9.2 TeV.
• lower mass threshold limits in RS1 = 6.8 TeV.

 

QBH l+j Partial Run 3 Previous results https://arxiv.org/pdf/2604.19495 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.032010
https://arxiv.org/pdf/2604.19495
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• Signal Region starting at 3 TeV, with QBH threshold mass range of 6–10.5 TeV.

• Two channels – e+j and 𝜇+j
• Signal region: Candidate events in the signal region (SR) require exactly one signal lepton and at least one signal jet with 

invariant mass 𝑚𝑙𝑗  > 3 TeV. 

• Δ𝜙ℓ𝑗  > 2.8 and Δ𝜂𝑙𝑗  < 3.25 to exploit the back-to-back topology of the QBH decay

• Sensitivity driven by highest 𝑚𝑙𝑗  bin of SR

 

https://arxiv.org/pdf/2604.19495 QBH l+j Partial Run 3 Analysis Strategy

https://arxiv.org/pdf/2604.19495
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Improved exclusion limits!

• lower mass threshold limits in the ADD (n=6) = 9.4 TeV (compared to 
9.2 TeV for Run2)

• lower mass threshold limits in RS1 =7.2 TeV (compared to 6.8 TeV for 

Run2)

• Electron channel surpasses muon channel in sensitivity by a factor of ~3 due 

to better 𝑝𝑇 resolution so the two channels are not combined.

 

https://arxiv.org/pdf/2604.19495 QBH l+j Partial Run 3 Results

https://arxiv.org/pdf/2604.19495
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In this talk I presented some recent results in heavy exotic resonances: 

1. 𝑋 →  𝑡 ҧ𝑡 , 1/2 lepton in full Run 2 data

2. Quantum Black Hole resonances in lepton + jet final states in Partial Run 3 data

Although no new BSM excesses were found, we were able to improve limits on 
various benchmark models!

This is only a part of a large ATLAS exotic heavy resonances effort. More results to 
come!

 

Conclusion
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Appendix
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QBH l+j Partial Run 3 Results muon
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