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Motivation

Several BSM ideas foresee new bosons that carry both lepton and baryon number

• Searches for leptoquarks (LQ) are well-motivated at the LHC

• Recent enhanced interest for LQ as a possible candidate to explain some 
anomalies in B-physics precision measurements
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LQ relevant experimental features

• 2 production mechanisms considered(you can find them in paper here and here):

• Parameters determining the cross section(you can find paper here and here):

Pair Single

Scalar: LQ_s         LQ mass           Lambda (λ) (coupling of SM lepton-quark to LQ)

Vector: LQ_v k dimensionless coupling            Lambda (λ) ,  k

k=0 minimal coupling

k=1 Yang-Mills  

• Decay channel (you can find paper here and here):

LQs->top tau or LQs->bottom nu               LQv->bottom tau or LQv->top nu

Pair Single
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https://link.springer.com/article/10.1007/JHEP12(2018)027
https://arxiv.org/abs/1706.07808
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https://www.sciencedirect.com/science/article/pii/S0370269399000143?via%3Dihub
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https://arxiv.org/abs/1706.07808


Analysis strategy

• Final states top tau nu bottom (pair LQ) and top tau nu (single LQ) → 2 categories 
of events >= 2 b or = 1 b

• Fully hadronic decay of the top quark and tau lepton

• Top reconstruction

• ST = tauh pT + top pT + pT
miss used for the signal extraction
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Signal region

• (top tau nu bottom) + (top tau nu) selection

• PT
miss>=200GeV, HT

miss>=200GeV(= magnitude of the sum of pT of the AK4 jet)

• HT>=300GeV ((HT = scalar sum of the pT of all AK4 jets)

• 0 electron and muon

• 1 tauh

• massT(tau,PT
miss)>=300GeV

• >= 1 top candidate

• Fully merged topology(1 merged top quark )

• Partially merged topology(1 merged W boson + 1 b-jet)

• Resolved topology(2 AK4 jets + 1 b-jet)

➢4 categories in total

>=2b or = 1b, boosted or resolved
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AK4 jet: anti-kt jet with radius = 0.4



Data vs SM expectation in the signal region

• Misidentified tau main background

→estimated from data

• top production relevant

→estimated normalizing MC to data

• Others not dominant

→taken from simulation
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Background estimation method
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➢jet->tau misidentification background estimation method

➢Top background

• Normalize MC to data in signal-free region
• massT(tauh,pT

miss) < 80 GeV

• N b-jet >= 2

• MC Scaled by 10%



Systematic uncertainties

8



Exclusions for scalar LQ

• Scalar Pair LQ production does not depend from λ. 

• LQsLQs:  LQs masses below 0.95 (1.03) TeV are excluded 

• νLQs : LQs masses  below 0.55 (0.56) TeV and 0.75(0.81) TeV for λ of 1.5 and 2.5 are excluded.

• LQsLQs+νLQs : LQs masses below 0.98 (1.06) TeV and 1.02 (1.10) TeV for λ of 1.5 and 2.5 are excluded.

Pair LQ

Single LQ
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Pair + Single LQ



Exclusions for vector LQ(k=0)

• LQvLQv:  LQv masses below 1.29 (1.39) TeV are excluded.

• τLQv :  LQv masses  below 1.03 (1.12) TeV and 1.25(1.35) TeV for λ of 1.5 and 2.5 are excluded.

• LQvLQv+τLQv : LQv masses below 1.34 (1.46) TeV and 1.41 (1.54) TeV for λ of 1.5 and 2.5 are excluded.

Pair LQ

Single LQ
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Pair + Single LQ



Exclusions for vector LQ(k=1)

• LQvLQv:  LQv masses below 1.65 (1.77) TeV are excluded. 

• τLQv :  LQv masses  below 1.20 (1.29) TeV and 1.41(1.53) TeV for λ of 1.5 and 2.5 are excluded.

• LQvLQv+τLQv: LQv masses below 1.69 (1.81) TeV and 1.73 (1.87) TeV for λ of 1.5 and 2.5 are excluded.

Pair LQ

Single LQ

11

Pair + Single LQ



λ-Mass exclusion

• Values of λ up to 2.5 are constrained by electroweak precision measurements

• For LQv, the gray area(get from paper) shows the 95% CL band preferred by the B physics 
anomalies: λ = 𝟎. 𝟕 ± 𝟎. 𝟐 ×𝒎𝑳𝑸 TeV . A relevant portion of this parameter space is excluded.

scalar

Vector k=0 Vector k=1
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https://arxiv.org/abs/1706.07808


Summary

• We have presented a search for for LQ produced singly and in pairs in the final 
states t tau nu b and top tau nu

• We have use ST = tauh pT + top pT + pTmiss variable for the signal extraction

• The main background, due to jet->tau misidentification, is estimated from data

• Data are found to be in agreement with SM prediction

• We interpret the results considering simultaneously pair and single LQ and setting 
exclusion limits in the LQ lambda-mass plane
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backup
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Status of B-physics anomalies

• No firm conclusion, need more data!

• Possible to clarify anomalies within timescale of Phase 2((arXiv:1709.10308)) 15



B-physics anomalies and LQ

• Upper limit on new physics scale: 9 (80) TeV for b→clν (b→sll) transition (arXiv:1706.01868)

• Couplings to 2nd, 3rd fermion generation favored

• LQ_s (LQ_v) → t tau (t v), b nu (b tau) strong candidate to explain the anomalies

arXiv:1808.02063 (arXiv:1706.07808)

Decay BR of 0.5 preferred case to explain the anomalies

→ t tau nu b has x2 BR w.r.t. existing searches ttnunu (SUS-19-005) and bbtautau (EXO-17-
016) 16



• Decay branching ratio of 0.5 to each leptonquark
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