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Motivation Indirect searches for new physics

Motivation

1 There are strong indications that new
physics exist. However, new particles
might not be light enough to be
produced on-shell at the LHC.

2 The upgrade on the energy scale of the
collider experiments is slow. Thus
indirect searches for the new physics are
becoming increasingly interesting.

3 Effective field theory (EFT) is a
framework that offers such an indirect
search approach, where heavy new
physics can be parameterized in a
mostly model-independent way.
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Motivation Introduction to EFT

Introduction to Effective Field Theory

SMEFT describes the off-shell effects at an energy scale Λ, while treating
the SM Lagrangian as the lowest order term in an expansion of higher
dimensional operators.

LEFT = LSM +
ci
Λ
O(5)

i +
ci

Λ2
O(6)

i + . . .

1 The coupling strength of the EFT interactions is parameterized as a
set of Wilson coefficients ci .

2 The higher order terms are further suppressed by the energy scale Λ.

3 This analysis focuses on a subset of dimension-six operators involving
top quark.

Furong Yan TopEFT Dec 15, 2023 3 / 21



Analysis Overview Signal Processes

Analysis Overview

1 This analysis focuses on the subset of EFT operators that affect top
production associated with leptons, bosons, and other heavy quarks.

2 Signal processes: ttH ttlν tt ll tHq tllq tttt
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Analysis Overview EFT Effects

EFT Effects

We study 26 WCs that significantly impact associated top processes. The
operators can be classified into 4 main categories based on the particles
that interact:
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Analysis Overview Challenges

Challenges of this Analysis

This analysis uses a global approach. We probe the effects of dim-6
operators involving top quarks on those processes simultaneously. It also
leads to many analysis level challenges.

1 Multiple signal processes can contribute to the same final state
signatures

2 Many WCs can affect the processes, interfere with each other and the
SM

3 E.g. Many WCs (ctZ , ctG , etc.) can affect the process ttll . tt ll
contributes to the 2ℓss final state, along with ttlν, ttH, etc.

We want to know number of predicted events in a given detector-level
observable bin, as a function all of the WCs, i.e. Yield(c1, c2, c3, ...)
The predicted events in a given bin depends on the WCs quadratically.
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Analysis Overview Challenges

EFT Parameterization

This analysis takes a direct approach to model the EFT effects at the
detector level.

1 The differential cross section dσ(ci ) depends on the Wilson
coefficients ci quadratically.

dσ(ci ) ∝ |MSM +
∑
i

ci

Λ2
Mi |

2 ∝ s0 +
∑
j

sj
cj

Λ2
+
∑
j ,k

sjk
cj

Λ2

ck

Λ2

2 s0, sj and sjk are constants representing the Pure SM, SM
interference and pure EFT terms respectively.
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Analysis Overview EFT Parameterization

EFT Parameterization

1 One can assign quadratic EFT weight to an event since the quadratic
dependence of the WCs extends to individual event.

ωe(c) = se +
∑
j

sje
cj

Λ2
+
∑
j ,k

sjke
cj

Λ2

ck

Λ2

2 The quadratic parameterization for any observable bin can be
obtained by summing the quadratic weight functions for every event
that passes the selection criteria.

Analysis Bin
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is a quadratic funtion of the WCs.

= Σ wi

Sum of weights
of each simulated event
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quadratic function of the WCs.
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Analysis Overview Event Categories

Event Categories

1 Jet multiplicity:

2ℓss : 4 to 7+ jets
3ℓ : 2 to 5+ jets
4ℓ : 2 to 4+ jets

2 Kinematic distributions:

pT(ℓj)max : largest pT pairs of
objects in the collections
of leptons and jets

pT(Z) : pT of the reconstructed
Z boson

3 Major sources of background
include dibosons and misid
leptons.
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Results Fit Results

Fit Results

1 178 total bins fit with CMS full RunII data.

2 Overall sensitivity to a WC comes from a diverse combination of bins.

3 Interference and correlations among WCs play also an important role.

Charge misid. Misid. leptons Diboson Triboson Conv. tWZ Htt

lltt νltt qltl tHq tttt Total unc. Obs.

0

100

200

300

400

500

E
v
e

n
ts

postfit  (13 TeV)1138 fbCMS

                                           0
0.5

1
1.5

2

D
a
ta

 /
 p

re
d
.

2ℓ ss 2b(+) 2ℓ ss 2b(−) 2ℓ ss 3b(+) 2ℓ ss 3b(−) 3ℓ  off-Z 1b(+) 3ℓ  off-Z 1b(−) 3ℓ  off-Z 2b(+) 3ℓ  off-Z 2b(−) 3ℓ  on-Z 1b 3ℓ  on-Z 2b 4ℓ

4j 5j 6j 7j 4j 5j 6j 7j 4j 5j 6j 7j 4j 5j 6j 7j 2j 3j 4j 5j 2j 3j 4j 5j 2j 3j 4j 5j 2j 3j 4j 5j 2j 3j 4j 5j 2j 3j 4j 5j 2j 3j 4j

Furong Yan TopEFT Dec 15, 2023 10 / 21



Results Limits and Sensitivity

Limits and Sensitivity

1 Very challenging fit running over 26
POIs and 178 analysis bins

2 The 1σ and 2σ confidence intervals of
the frozen and profiled scans.

3 No significant deviation from the SM.

4 2D scans are also performed, for
example, the ctW and ctZ profiled scan:
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Summary

Summary

1 We have searched for the new physics in top production in the
multi-lepton final states.

1 We fitted data corresponding to 138 fb−1 of collisions.
2 We set confidence intervals on 26 WCs simultaneously.
3 The results are consistent with the SM.

2 Potential directions to improve and expand the current analysis:
1 Improve the stats.
2 More advanced EFT modeling.
3 Additional signal processes and final states.
4 Combination with other analyses.
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Summary

Thank you!

This analysis has been accepted by JHEP currently.
To learn more about the analysis, please check:

Arxiv: https://arxiv.org/abs/2307.15761
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Backup

Backup
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Backup

EFT Reweighting

1 To fully determine the quadratic parameterization, one would need
(N + 2)(N + 1)/2 constants for N WCs.

2 If we consider all 26 WCs, there can be as many as 378 constants in
the quadratic parameterization, meaning 378 MC unique simulated
samples at 378 unique points are needed per signal process!

3 Instead, one can calculate the quadratic dependence on the event
basis.
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Backup Modeling EFT Effects

Modeling EFT Effects

1 The dim6top model was used to model the EFT effects
1 Uses Warsaw basis
2 Includes all LO diagrams, with an extra jet to account for an extra

parton for ttX signal samples.
3 26 WCs were found to contribute to the signal processes significantly

2 Those 26 dim6 EFT operators can be broken down into four
categories based on the EFT vertex:

Operators Category WCs

Two heavy quarks with bosons ctφ, c
−
φQ , c

3
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Backup Example One-dimensional Scans

1D Scans

Others Profiled

Others Fixed to SM
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Backup Backgrounds

Any processes that are not sensitive to 26 WCs are considered as the
background processes.

1 Reducible: tt̄ nonprompt and γ → e+e− charge flips
Modelled with data-driven method

2 Irreducible: Mainly diboson processes (WZ, ZZ, WW)
Modelled with MC simulation
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Backup Postfit Yields

Prefit-Postfit Plots

For the purpose of visualization, the following plot combines all the kinematic

bins, resulting only the 43 bins of jet multiplicity.
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Backup Uncertainty Intervals

Uncertainty Intervals on WCs

The 2σ uncertainty
intervals are shown for the
profiled and frozen case.
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Backup Detector-level top EFT analyses

A map of detector-level top EFT analyses

(courtesy to K. Mohrman)
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