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Theoretical motivation

• Lepton flavor violation is forbidden in the SM with massless neutrinos

• The observation of neutrino oscillation confirms the existence of non-zero mass 
of neurinos and LFV in neutral leptons

• The mass terms predict charged LFV (CLFV) at loop level but this is highly 
suppressed due to the tiny neutrino masses

• The CLFV can be enhanced in many new physics models such multi-Higgs double 
models, minimal supersymmetric SM, the inverse seesaw model, etc.. 

• The LHC provides the best sensitivity to high-energy LFV process involving a 
heavy particle, such as the Z boson, Higgs boson or the top quark

• There were some searches for CLFV decays of the Z and Higgs boson

• Not much explored in data for the LFV in top quark sector - only one public 
note from ATLAS : ATLAS-CONF-2018-044
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Experimental motivation - nnomaly in B-physics sector
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• Measured RD (average) has 3.1 σ deviation 
from the SM

Deviation observed by Belle and LHCb experiments
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RD(⇤) =

Br(B ! D(⇤)⌧ ⌫̄)

Br(B ! D(⇤)l⌫̄)
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Br(B ! Kµ+µ�)

Br(B ! Ke+e�)

<latexit sha1_base64="LrWXPr948nhLT8nYbn3vAWhYIXA="></latexit>

• The latest LHCb result still shows 3.1 σ deviation 
from the SM

https://arxiv.org/abs/2103.11769

Heavy Flavor Averaging Group (HFLAV)

g-2 results      can be explained by Leptoquark



Search for leptoquark for R! anomaly in top quark sector
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Search for Lepton Flavor Violation (LFV) 

• Models explaining the observed lepton universality violation 
generally also lead to LFV effects

• R! anomaly can be explained by leptoquark (LQ) decay in B 
meson

• LQ can also appear in top quark sector with three body 
decay : t → cττ, t → cµτ, t → cνν with Br ≈10-6

• CLFV in the top quark sector can shed light on the anomalies 
in B meson decays

t(b)

!+i (ν̄i) τ−

cS1[L] [R]

t(b)

ντ (τ−) ν̄i
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Model independent EFT approach
• Considering the SM as a low-energy approximation of a higher-energy theory, we can 

add higher order terms with new physics at a higher mass scales

• We follow model independent EFT approach to search for LFV

• D6 operators are used for building effective Lagrangian
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• Search for the interaction with two quarks and two 
leptons of different flavors (in a top quark decay in 𝑡 ̅𝑡 or 
single top production)

• 6 operators can be categorized into scalar, vector and 
tensor types

b
q

q0

µ±

u(c)

⌧⌥
t

t

W�
µ±

⌧⌥

b
q

q̄0

u(c)

u(c) t

https://arxiv.org/abs/1802.07237

𝑐" are dimensionless Wilcon 
coefficients
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Signal cross section
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For hadronic W channel in a SM top decay:



Signal distributions

• In this talk, we only probe tau/muon final state

• Comparisons with three different operators together with leptoquark model 

• Δ𝑅 and mass between muon and tau
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Signal distributions

• In this talk, we only probe tau/muon final state

• Comparisons with three different operators together with leptoquark model 

• p" of charm quark from LFV signal and bottom quark from the SM
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Event selection

Ø Exactly one isolated muon
• Pt > 30 GeV, 𝜂 <2.4

• Should be no extra muon or electron that passes loose selection

Ø Exactly one tau
• Should be identified as hadronic tau 

• Pt > 30 GeV, 𝜂 <2.3

• Δ𝑅(tau, muon) > 0.4 

Ø Njets > 3
• Pt > 30 GeV, 𝜂 <2.4

• Δ𝑅(jet, muon) > 0.4 and Δ𝑅(jet, tau) > 0.4 

Ø Exactly one b-tagged jet

Ø 10 < MET < 70 GeV (lower MET than 𝑡 ̅𝑡 dilepton)
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• Main backgrounds are dilepton events and 𝑡 ̅𝑡 events
• Following events selection is applied



Expected number of events in Run 2 (2018 data only)
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• With signal acceptance of 2 % level, we expect 1.5 times more sensitivity with full 
Run 2 data (137 fb-1)

• Main background is ttbar events from semi-leptonic and dileptonic channels

significance

acceptance

Not public

c=1

Main background 𝑡 ̅𝑡



Top quark mass reconstruction
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• Looping over the correct jets for top quark reconstruction
• Take the combination with the minimum 𝜒#



Δ𝑅 and mass of charm and muon
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• One of the best discriminant variables
• LFV signal shows narrow angle between tau and muon 

Normalized to 59.7 fb-1

Not public



p" of b-jet and tau-jet
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• Hadronic tau from LFV has harder distribution



𝑡 ̅𝑡 is the main background for LFV searches in top sector

• We should understand 𝑡 ̅𝑡 process precisely: we are already at the NNLO level

• If you see any deviation in the 𝑡 ̅𝑡 dominant area, it could be possible new physics
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How much do we understand t ̅t+heavy flavor?
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• 𝑡 ̅𝑡 + 𝑏,𝑏 is the main background for most of BSM searches and available at NLO
• The measured ratio of 𝑡 ̅𝑡 + 𝑏,𝑏 is consistently higher than prediction 
• Consistently shows deviation from the SM in the 𝑡 ̅𝑡 + 𝑏,𝑏 process though  



Lepton Flavor Violation in top quark decays at the LHC

• ATLAS showed the first direct search for 
charged lepton flavor violation (cLFV) : 
t → ll!q, q = u, c
• Other top decays in the SM
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• Model independent direct search

• Three isolated charged leptons are required

• Top quark in cLFV is reconstructed from two 
opposite sign different flavor leptons and a jet

• Main background : ttbar, Z+jets



Lepton Flavor Violation in top quark decays
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ATLAS-CONF-2018-044
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• Background samples are modelled mostly at NLO and NNLO level

• Can constrain axial-vector, scalar, pseudo-
scalar and lepton-quark EFT operators



Conclusion
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• Deviations from LHCb and Belle experiments and also from g-2 experiment 
need to be also confirmed by CMS

• Instead of B sector, we can also search for the LFV in top quark sector as the 
LHC is a top quark factory

• Pursued model independent approach to search for LFV 
• There must be something going in these deviations
• Should have better idea with our CMS data soon in coming years


