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Introduction: Calibration OverviewMotivation 

• Hints of Lepton Flavour Universality (LFU) violation 

in rare B-meson decays

• 𝑏 → 𝑠ℓℓ (𝑅𝑘 ∗ )

• 𝑏 → 𝑐ℓ𝜈 (𝑅𝐷 ∗ )

• Muon g-2 anomaly, possibly connected to the 

LFU anomaly

• The existence of TeV-scale Leptoquarks is a possible 

solution to the anomalies!
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• Leptoquarks (𝑳𝑸) are predicted by many extensions 

of the SM

SM scenario 𝐿𝑄 interaction

arXiv:2103.11769

arXiv:2104.03281  

𝑅𝐾 anomaly in B-meson decays

𝑔 − 2 anomaly

𝑅𝑘 ∗ =
𝐵𝑅(𝐵 → 𝐾 ∗ 𝜇+𝜇−)

𝐵𝑅(𝐵 → 𝐾 ∗ 𝑒+𝑒−)

https://arxiv.org/abs/2103.11769
https://arxiv.org/abs/2104.03281


Introduction: Calibration Overview𝑳𝑸 Searches at the LHC 

• Dominant production 𝒈𝒈 → 𝑳𝑸 + 𝑳𝑸 • Analysis vary by the 𝑳𝑸 type and decay channel 

• 𝐿𝑄 → 𝑞/𝑐/𝑏 + 𝑒/𝜇
• 𝐿𝑄 → 𝑡 + 𝑒/𝜇
• 𝐿𝑄 → 𝑡 + 𝜏
• 𝐿𝑄 → 𝑡 + 𝜈
• 𝐿𝑄 → 𝑏 + 𝜈
• 𝐿𝑄 → 𝑏 + 𝜏

28/09/2021 3/13 

• Model parameters:

• 𝐿𝑄 mass (𝑀𝐿𝑄)

• 𝛽(𝐿𝑄 → 𝑋𝑌)



Introduction: Calibration OverviewScalar 𝑳𝑸 → 𝒒/𝒄/𝒃 + 𝒆/𝝁

• First dedicated ATLAS search for cross-generational LQs

• First use of 𝒄-tagging in LQ searches

• SR defined by mass asymmetry:  𝑚𝑎𝑠𝑦𝑚 =
𝑀ℓ𝑗
𝑚𝑎𝑥 −𝑀ℓ𝑗

𝑚𝑖𝑛

𝑀ℓ𝑗
𝑚𝑎𝑥 +𝑀ℓ𝑗

𝑚𝑖𝑛 < 0.2

• Result presented in: 𝑚ℓ𝑗
𝐴𝑣 =

𝑀ℓ𝑗
𝑚𝑎𝑥 −𝑀ℓ𝑗

𝑚𝑖𝑛
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• Main backgrounds: 

• 𝑡 ҧ𝑡, Drell-Yan, di-boson, 𝑊 + jets, 𝑍 + jets, 

normalised from data
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Channel 𝑴𝑳𝑸 Limits [TeV]

electron >1.8

muon >1.7

https://link.springer.com/article/10.1007/JHEP10(2020)112


Introduction: Calibration OverviewScalar 𝑳𝑸𝟑
𝒅 → 𝒕𝝉

• First dedicated ATLAS analysis for 𝑳𝑸𝟑
𝒅𝑳𝑸𝟑

𝒅 → 𝒕𝝉𝒕𝝉.

• Require final states with:

• At least one light lepton (ℓ, 𝑒/𝜇), and at least one 

hadronic 𝜏, or

• At least two light leptons

• Main discriminating variable: 
• 𝑚𝑒𝑓𝑓 = σ𝑗,𝑒,𝜇,𝜏 𝑝𝑇 + 𝐸𝑇

𝑚𝑖𝑠𝑠

• Main backgrounds: 

• 𝑡 ҧ𝑡, 𝑡 ҧ𝑡 + 𝑉/𝐻, diboson, Fake 𝜏ℎ𝑎𝑑

• 7 SRs categorised by number of ℓ, 𝝉, charge 

of ℓ and 𝝉
• SR optimised by 𝑚𝑒𝑓𝑓 and other kinematics: 

charge configuration, multiplicity, etc.

• 𝑴𝑳𝑸 limit > 1.4 TeV
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https://link.springer.com/article/10.1007/JHEP06(2021)179


𝑒 channel
𝑒 channel

Introduction: Calibration OverviewScalar 𝑳𝑸 → 𝒕 + 𝒆/𝝁

• First ATLAS search for top-cross-generational LQ couplings.

• Boosted Decision Trees (BDT) are used to further separate 

signals from backgrounds

• 29(32) input variables used for 𝑒(𝜇) channel 

• Main backgrounds: 

• Z + jets and di-leptonic 𝑡 ҧ𝑡 , normalisation extracted from CR.

28/09/2021 6/13 Eur. Phys. J. C 81 (2021) 313 

Channel 𝑴𝑳𝑸 Limits [TeV]

electron >1.5

muon >1.5

𝑒 channel

https://link.springer.com/article/10.1140/epjc/s10052-021-09009-8


Introduction: Calibration OverviewScalar 𝑳𝑸𝟑
𝒖 → 𝒃𝝉/𝒕𝝂
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• Search for events with 𝒕 ҧ𝒕 + 𝑬𝑻
𝒎𝒊𝒔𝒔 in all hadronic channel

• Reclustered jets 

• with R = 1.2 and R = 0.8 for top and W

• Main backgrounds: 

• 𝑍 + jets, 𝑊 + jets, 𝑡 ҧ𝑡, single top, 𝑡 ҧ𝑡 + 𝑍, all normalised from data 

• 𝑴𝑳𝑸 limit > 1.2 TeV

Eur. Phys. J. C 80 (2020) 737 

𝐿𝑄 → 𝑡𝜈 𝐿𝑄 → 𝑏𝜏
𝐿𝑄 → 𝑡𝜈 𝐿𝑄 → 𝑡𝜈

https://link.springer.com/article/10.1140/epjc/s10052-020-8102-8


Introduction: Calibration OverviewScalar 𝑳𝑸𝟑
𝒅 → 𝒃𝝂/𝒕𝝉
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• Search for events with 𝒃ഥ𝒃 + 𝑬𝑻
𝒎𝒊𝒔𝒔

• Most discriminating variables: 

• 𝒎𝒆𝒇𝒇 = σ𝒋𝒑𝑻 + 𝑬𝑻
𝒎𝒊𝒔𝒔 ,𝒎𝑪𝑻

𝟐 𝒗𝟏, 𝝂𝟐 = 𝑬𝑻 𝝂𝟏 + 𝑬𝑻 𝝂𝟐
𝟐 − 𝒑𝑻 𝝂𝟏 − 𝒑𝑻 𝝂𝟐

𝟐

• Using BDT score as final discriminant 

• Main background: 

• 𝑍 + jets, normalised from data 

• 𝑴𝑳𝑸 limit > 1.3 TeV

https://link.springer.com/article/10.1007/JHEP05(2021)093


Introduction: Calibration OverviewScalar 𝑳𝑸𝟑
𝒖 → 𝒕𝝂/𝒃𝝉, 𝑳𝑸𝟑

𝒅 → 𝒃𝝂/𝒕𝝉, vector 𝑳𝑸𝟑
𝒗

• First ATLAS search for vector LQ

• Same analysis strategy as scalar 𝐿𝑄: same charge, same decay modes, similar 

kinematics

• Only Single-tau all hadronic channel is used for 𝐿𝑄 searches 

• Single-tau: Targeting 𝐵(𝐿𝑄𝑢/𝑑 → 𝑞ℓ) ∼ 0.5, most events have final states: 1𝝉, 

2 𝒃-jets, large 𝑬𝑻
𝒎𝒊𝒔𝒔

• All hadronic: Leptonic decay leads to extra neutrino washes away sensitivity

• SR and other regions defined by most discriminating variable: 

𝑚𝑇 𝜏 , σ𝑚𝑇(𝑏1,2), 𝑠𝑇: defined as the scalar sum of the transverse momenta of
the tau lepton and the two leading jets

28/09/2021 9/13 arXiv:2108.07665

https://arxiv.org/abs/2108.07665


Introduction: Calibration OverviewScalar 𝑳𝑸𝟑
𝒖 → 𝒕𝝂/𝒃𝝉, 𝑳𝑸𝟑

𝒅 → 𝒃𝝂/𝒕𝝉, vector 𝑳𝑸𝟑
𝒗

• Continue… 
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• Main backgrounds: 𝒕 ҧ𝒕 (1 real 𝝉) and single-top, normalised from data.

Yang-Mills Minimal-
coupling 

Vector 𝐿𝑄

Scalar 𝐿𝑄

arXiv:2108.07665

𝐿𝑄 Type 𝑀𝐿𝑄 Limits [TeV]

Scalar >1.3

Vector, Yang-Mills >1.8

Vector, minimal-coupling >1.5

https://arxiv.org/abs/2108.07665


Introduction: Calibration Overview𝒃𝒔ℓℓ Contact Interaction

• Consider 𝒃𝒔ℓℓ interaction for:

• SM(a), EFT(b) & for production of two leptons & with/without 𝑏 jet in final state (c,d)

• Main backgrounds: dileptonic 𝒕 ҧ𝒕, Z + jets, normalised from data 

• Result categorised in lepton flavour, number of 𝒃 jets

28/09/2021 11/13 arXiv:2105.13847

Channel Limit

electrons Λ/𝑔*>2.0

muons Λ/𝑔*>2.4

https://arxiv.org/abs/2105.13847


Introduction: Calibration OverviewSummary
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• Presented results of various LQ pair production searches, with a few dedicated searches 

first done in ATLAS 

• Limits were set, still no sign of TEV scale 𝑳𝑸s

Leptoquarks

Decay Mechanism Comments 𝑀𝐿𝑄 Limits [TeV]

LQ → q/c/b + e/μ
electron >1.8

muon >1.7

LQ → t + e/μ
electron >1.5

muon >1.5

LQ → t + τ - >1.4

LQ → t + ν - >1.2

LQ → b + ν - >1.3

LQ →b + τ

Scalar >1.3

Vector, Yang-Mills >1.8

Vector, minimal-coupling >1.5

Contact Interaction

bsℓℓ
electrons Λ/𝑔*>2.0

muons Λ/𝑔*>2.4

ATL-PHYS-PUB-2021-017

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-017/


Introduction: Calibration OverviewSummary
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• Continue…

ATL-PHYS-PUB-2021-017

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-017/

