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Motivation for new physics

The standard model of particle physics (SM) is a very precise theory, 
but only accounts for 5% of the energy content of the universe

The LHC has been running for 10 years with 
no clear signs  of new physics

What if ΛNew physics > ΛLHC?
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Introduction to SM effective field theory (SMEFT)

New physics at scales beyond what the LHC can directly probe can be approximated by 
expanding terms of higher dimensional (𝑑) operators 𝒪 consisting of SM fields

Operators are suppressed by powers of the energy scale Λ, and the strength is controlled
by the Wilson coefficients (WCs) 𝑐𝑖

ℒSMEFT = ℒSM +

𝑑,𝑖

𝑐𝑖
(𝑑)

Λ𝑑−4
𝒪𝑖
(𝑑)

9th May 2023 Pheno 2023 3



CMS PAS TOP-22-006 (CDS)

• Probing EFT using top quarks with additional final-state leptons

CMS PAS TOP-22-005 (CDS)

• Search for LFV using top quarks in trilepton final sates

Analyses presented
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https://cds.cern.ch/record/2851651?ln=en
https://cds.cern.ch/record/2851002?ln=en


Probing EFT using top quarks with 
additional final-state leptons
CMS PAS TOP-22-006
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Analysis overview

Dimension-six is the lowest order non-LFV SMEFT term

Global fit for 26 dimension-six WCs using data collected 
in 2016-2018

Probe EFT effects in multilepton final states

Fitting kinematic variables (178 bins)

• 𝑝T of Z-boson for most 3ℓ on-shell Z production (𝑝T Z )

• 𝑝T of the leading pair of leptons and/or jets (𝑝T ℓ𝑗0 )

No assumptions made to the underlying correlations

Production modes: ttl𝜈, ttll, tllq, ttH, tHq, and tttt
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(138 fb−1)
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EFT parametrization

Matrix element is a function of WCs

ℳ =ℳSM +

𝑗

𝑐𝑗

Λ2
ℳ𝑗

Events are weighted depending on simulated cross section (∝ ℳ2)

𝑤𝑖

Ԧ𝑐

Λ2
= 𝑠0𝑖 +

𝑗

𝑠1𝑖𝑗
𝑐𝑗

Λ2
+

𝑗

𝑠2𝑖𝑗
𝑐𝑗
2

Λ4
+

𝑗,𝑘

𝑠3𝑖𝑗𝑘
𝑐𝑗

Λ2
𝑐𝑘
Λ2
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Parametrizing analysis bins
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Unique challenges overcome

Simulation samples generated at non-SM point to form more complete phase space

• Optimized statistical power

Extra partons are added when possible in matrix element

Generated enough simulations to over constrain 
structure constants in quadratic parameterization

Parameterization used to simultaneously fit all 26 WCs

Largest background (non-prompt lepton) is data driven
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Probability of a non-prompt lepton passing prompt cuts is measured in a multijet enriched region

Data-driven

`

Misidentified lepton background
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Visualizing parameterization

9th May 2023 Pheno 2023

All WCs set to −𝟐𝝈

Kinematic variables integrated out
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Visualizing parameterization
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All WCs set to −𝟏𝝈

Kinematic variables integrated out
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Visualizing parameterization
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All WCs set to best 

fit values

Kinematic variables integrated out
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Visualizing parameterization
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All WCs set to 𝟏𝝈

Kinematic variables integrated out
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Visualizing parameterization
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All WCs set to 𝟐𝝈

Kinematic variables integrated out
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Results
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95% CIs for WCs extracted under two scenarios

• Scan over 1 while profiling the other 25

• Scan over 1 while fixing the other 25 to 
their SM value of zero

Subset of pairs of WCs are also explored

𝒄𝐭𝐖 and 𝒄𝐭𝐙
Other 24 profiled

𝒄𝐐𝐭
𝟏 and 𝒄𝐭𝐭

𝟏

Other 24 fixed to zero 16



Search for charged lepton flavor violation 
using top quarks in trilepton final states
CMS PAS TOP-22-005
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Require e±𝜇∓ + e/𝜇 from t quark leptonic decay (𝜏 → e/𝜇 included)

One or more jets and at most one b-jet

BDT to separate signal and background

Data-driven non-prompt estimation

Data collected in 2016-2018 (138 fb−1)

Assuming LFV includes e/𝜇, t, and u/c at tree level

Signal-free regions: eee/𝜇𝜇𝜇

Analysis overview
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Event categorization

Signal region (SR)

• 𝑚 𝑒μ < 150GeV top decay enriched

• 𝑚 𝑒μ > 150GeV top production enriched

Validation region (VR) for checking 
non-prompt background subtraction

Control region (CR) for on-shell 
Z → 𝑒𝑒/μμ decays

Diboson CR (𝑁jets inclusive, 1 + b-jets)
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VR 𝒆𝛍ℓ
𝑵𝐣𝐞𝐭𝐬

SR 𝒎 𝒆𝛍 > 𝟏𝟓𝟎 𝐆𝐞𝐕
BDT score
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Results

Binned likelihood

95% upper limit for each WC (setting others to zero)
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[1]https://journals.aps.org/prd/abstract/10.1103
/PhysRevD.78.094008

ℬ assuming 𝑚t = 172.5 GeV [1]

𝜇 𝐶/Λ2 =
𝜎CLFV 𝐶/Λ2

𝜎CLFV 1 TeV−2
∝ 𝐶/Λ2 2 𝐶/Λ2 = 𝜇𝑎

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.094008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.094008


Summary
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TOP-22-006

EFT in t quark + additional lepton final states

95% confidence intervals extracted for 26 WCs

Consistent with SM

TOP-22-005

LFV in t quark trilepton final states

95% CL upper limits on WCs 𝒪(0.01 − 0.1)

95% CL upper limits on ℬ(t → e𝜇u) 𝒪 10−8 , ℬ(t → e𝜇c) 𝒪 10−7

Consistent with SM
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Backup
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Dim6TopEFT Model

• Warsaw basis of dimension six operators

• Λ = 1 TeV

• CKM matrix is assumed to be a unit matrix

• u, d, s, c, e, μ masses all set to zero

• The unitary gauge is used and Goldstone bosons are removed

• Baryon and lepton number violating operators are not included

• Only tree-level simulation is possible
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[1] https://arxiv.org/abs/1802.07237

EFT simulations are generated by MADGRAPH_aMC@NLO using the dim6TopEFT[1] model
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