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Projection of LQLQ→ t`t`

Motivation
B-physics anomalies, g − 2

Deviations from SM prediction in
b-flavor observables and muon
anomalous mag. moment

I R(D(∗)) = Γ(B→D(∗)τν̄)

Γ(B→D(∗)`ν̄)

I R(K (∗)) = Γ(B→K (∗)µµ)

Γ(B→K (∗)ee)

I B0 → K∗0µµ angular obs.
I Muon anomalous mag. moment aµ

Leptoquarks possible solution

I Strong coupling to 3rd generation
I Weakest flavor constraints on 3rd gen
I Mass at TeV scale
I LQ→ tµ also elegant solution for aµ

0.2 0.3 0.4 0.5 0.6
R(D)

0.2

0.25

0.3

0.35

0.4

0.45

0.5

R
(D

*) BaBar, PRL109,101802(2012)
Belle, PRD92,072014(2015)
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017)
LHCb, PRL120,171802(2018)
Average

Average of SM predictions

 = 1.0 contours2χ∆

 0.003±R(D) = 0.299 
 0.005±R(D*) = 0.258 

HFLAV

Summer 2018

) = 74%2χP(

σ4

σ2

HFLAV
Summer 2018

2 / 13

(∼ 4σ)

(∼ 2.5σ)
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Projection of LQLQ→ t`t`

Leptoquarks at the LHC

Leptoquarks

Hypothetical new particles

Predicted by many BSM theories

Coupling to a lepton and a quark

Fractional EM charge, Spin 0 or 1

13TeV LHC: Pair-production
dominating in LQ→ t + ` decay
channel

Today: LQ→ tµ, LQ→ tτ

Result at 8 TeV

LQ→ t + τhad channel
exclusion limit: MLQ < 685GeV
[JHEP 07 (2015) 042]
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Projection of LQLQ→ t`t`

Analyses with 2016 data
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Projection of LQLQ→ t`t`

Run-II analysis (LQLQ→ tµtµ)
Analysis workflow
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Signal region: 2µ + jets

I 2 orthogonal categories

Control region: 2e + jets

I Data-driven background estimate

arXiv:1809.05558
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Projection of LQLQ→ t`t`

Run-II analysis (LQLQ→ tµtµ)
Analysis workflow
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Signal region: 2µ + jets

I 2 orthogonal categories

Control region: 2e + jets

I Data-driven background estimate

W+

W−

b

b

q′, ν

q, `

q′, ν

q, `

LQ

LQ

g

g

µ

t

t

µ

p

p

arXiv:1809.05558
acc. by PRL

https://arxiv.org/abs/1809.05558


Projection of LQLQ→ t`t`

Run-II analysis (LQLQ→ tµtµ)
Final distributions, limits

Combined binned likelihood template fit

Exclude LQLQ→ tµtµ up to
MLQ = 1420 GeV
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Projection of LQLQ→ t`t`

Run-II analysis (LQLQ→ tτ tτ)
Analysis workflow
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Signal region: `+ τh + jets

I Categories based on Nτh

Background with mis-ID τh
derived from data

Eur. Phys. J. C 78 (2018) 707

https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-018-6143-z


Projection of LQLQ→ t`t`

Run-II analysis (LQLQ→ tτ tτ)
Analysis workflow

LQLQ

Baseline Selection

`+ τh + jets

Category A

`τh charge ST region

Category B

Nτh = 1 Nτh ≥ 2

ptT Counting exp.
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Projection of LQLQ→ t`t`

Run-II analysis (LQLQ→ tτ tτ)
Final distributions (µ + τh + jets channel)
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Category A Category B
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Projection of LQLQ→ t`t`

Run-II analysis (LQLQ→ tτ tτ)
Limits

Combined binned likelihood template fit
Exclude LQLQ→ tτ tτ up to MLQ = 900 GeV
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Projection of LQLQ→ t`t`

Combination: LQLQ→ t`t`
Limits

Simultaneous analysis
of both decay
channels

Limits depend on
B = BR(LQ→ tµ)

LQ→tµ dominates
sensitivity

Mass limits range
from 900-1420 GeV
for scalar LQs

For the first time, all

relevant couplings of

LQs (q = −1/3) to

third-generation

quarks probed
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Projection of LQLQ→ t`t`

Projection for HL-LHC
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Projection of LQLQ→ t`t`

Projection to 3000 fb−1

Reach estimated by
scaling assumed Lint

Templates scaled to√
s = 14 TeV

Statistical uncertainty
reduced by factor

√
L

Relative exp. uncertainties
scaled down by

√
L

Exclusion limits between
1350 and 1900 GeV
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Projection of LQLQ→ t`t`

Summary

CMS searches for LQ pair
production in tµ and tτ
channels

Decay modes essential to
explain B anomalies

Combination of channels

Exclusion with 35.9 fb−1:
I tµ: MLQ ≤ 1420GeV
I tτ : MLQ ≤ 900GeV

I t`: MLQ ≤ 900GeV
for all values of B

Projection for HL-LHC:
MLQ ≤ 1350GeV excluded for
all values of B
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