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Top Quark Physics
● Top quark is the heaviest fundamental particle 

discovered thus far: mt = 173.34 +/- 0.76 GeV 
● Unique:

● LHC is a top quark factory (100m+ thus far)

[arxiv:1403.4427]
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Run I Top Quark Mass Combination - Motivation

● Top quark mass is a fundamental parameter of the Standard Model
● Precision of top quark mass dictates our ability to predict 

(and sometimes measure) phenomena
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Run I Top Quark Mass Combination – Motivation ctd.

● ~10 years since last LHC combination
○ Preliminary for world combination
○ Didn’t include most precise 8 TeV

measurements
● ATLAS and CMS combinations both agree
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Run I Top Quark Mass Combination – Input Measurements
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Run I Top Quark Mass Combination – Method & Correlations

● Best Linear Unbiased Estimated – BLUE
𝒎𝒕 = σ𝒊 𝒘𝒊𝒎𝒕

𝒊 where σ𝑖 𝑤𝑖 = 1
● Correlations between channels within an 

experiment are determined
● Correlations between experiments are 

assessed:
○ Uncorrelated: 𝝆 = 𝟎
○ Partially Correlated: 𝝆 = 𝟎. 𝟓
○ Strongly Correlated: 𝝆 = 𝟎. 𝟖𝟓

● Covariance matrices are summed
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[Nucl. Instrum. Meth. A 270 (1988) 110][SoftwareX 11 (2020) 100468]
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Run I Top Quark Mass Combination – Correlations
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Run I Top Quark Mass Combination – Results

● Most precise determination of the 
top quark mass to date – 0.2% 
relative uncertainty!

● Dominated by systematic 
uncertainties
○ JES, b-tagging, and t ҧt modeling are 

dominant
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𝒎𝒕𝒐𝒑 = 𝟏𝟕𝟐. 𝟓𝟐 ± 𝟎. 𝟏𝟒 𝒔𝒕𝒂𝒕 ± 𝟎. 𝟑𝟎 𝒔𝒚𝒔𝒕  𝐆𝐞𝐕
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Search for Violation of Lorentz Invariance - Motivation
● The Standard Model is Lorentz invariant
● Lorentz violation can emerge in string theory & loop quantum gravity @~𝑀𝑃𝐿
● Searches via neutral meson mixing: KLOE, KTeV, FOCUS, BaBar, and LHCb
● 1st search with t ҧt @Tevatron pതp collider: D0
● New search with CMS!

112/19/2024 Lake Louise Winter Institute 2024

CMS-TOP-22-007

[Phys. Rev. Lett. 108 (2012) 261603]

http://cds.cern.ch/record/2859658/files/TOP-22-007-pas.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.261603


Search for Violation of Lorentz Invariance - Method
● Lorentz Violation in SME model given by:

● Average direction of top quarks change w/ sidereal time →
Wilson coefficients 𝑐𝜇𝜈 and 𝑑𝜇𝜈 encode sidereal dependency
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Search for Violation of Lorentz Invariance – Method ctd.

● Measured the t ҧt cross
section differentially in
𝑡𝑠𝑖𝑑𝑒𝑟𝑒𝑎𝑙 ⊗ 𝑁𝑏𝑗𝑒𝑡𝑠

w/ 𝒆𝝁 events from
2016+2017

● Luminosity unc., pileup, & 
lepton trigger efficiencies 
determined as a function of 
sidereal time

● Added nuisances that are 
uncorrelated across sidereal 
bins to account for unknown 
sidereal dependence 
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Search for Violation of Lorentz Invariance - Results

● 10x increase in precision of 
Lorentz Violation top quark 
Wilson coefficient constraints 
compared to D0 [Phys. Rev. Lett. 
108 (2012) 261603]

● Checked both fitting coefficients 
individually and together with no 
sizeable differences due to small 
correlations between coefficients

● No significant deviation from 0 
observed
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Measurement of the 
top quark Yukawa 
coupling - Motivation

• Important goal for LHC is to characterize 
new Higgs boson and its couplings

• Top quark Yukawa coupling is curiously 
close to unity

• Can be measured directly through ttH

• Indirectly through electroweak 
contributions to t ҧt cross section
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Phys. Rev. D 102, 092013

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092013


Measurement of the top 
quark Yukawa coupling -
Method

• Used dileptonic decays and full Run II 
dataset

• Profile likelihood fit in double 
differential distribution:

Mbഥbℓതℓ ⊗ Δ𝑦bഥbℓതℓ

• Mbഥbℓതℓ = 𝑀 𝑏 + ത𝑏 + ℓ + തℓ

• Δ𝑦bഥbℓതℓ = |𝑦(𝑏 + തℓ) − 𝑦(ത𝑏 + ℓ)|

• Removes necessity for top quark 
reconstruction which is difficult 
in dileptonic decays
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Measurement of the top quark Yukawa coupling - Method

● 𝑌𝑡 =
𝑔𝑡

𝑔𝑡
𝑆𝑀 , 𝑔𝑡 =

2𝑚𝑡

𝜈

● Yukawa coupling and nuisance 
for electroweak corrections 
change signal event yields

● Unc. for electroweak correction is 
difference between additive and 
multiplicative approach
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Phys. Rev. D 102, 092013

Pre-fit

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092013


Measurement of the 
top quark Yukawa 
coupling - Result

● 𝑌𝑡 = 1.16−0.35
+0.24

● Measurement of top quark Yukawa 
coupling independent of assumptions on 
other Yukawa couplings
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Phys. Rev. D 102, 092013

Post-fit

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092013


Summary

● Lots of exciting new results from CMS
● Most precise top quark mass measurement from CMS+ATLAS

combination
○ Lots of work performed in determining the correlations between experiments

● 1st search for Lorentz violation in top quark pairs produced from proton-
proton collider

● Indirect and independent top quark Yukawa coupling measurement 
consistent with SM 
○ Electroweak corrections crucial for correct modeling of t ҧt threshold region
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Thanks!

awildrid@purdue.edu
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Correlations for LIV
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● Statistical unc. in 
corrections are 
uncorrelated across 
years

● Modeling systematics are 
correlated (sidereal time-
independent)



Profile Maximum Likelihood fit

L = ෑ

𝑐∈𝑐ℎ𝑎𝑛𝑛𝑒𝑙𝑠

ෑ

𝑏∈𝑏𝑖𝑛𝑠𝑐

𝑃𝑜𝑖𝑠(𝑛𝑐𝑏|𝜈𝑐𝑏 Η, Χ ) ෑ

𝜒∈𝚾

𝑝𝜒(𝑎𝜒|𝜒)

● Channels are statistically independent “channels”. Can be decay topology for 
example (ee vs. e𝜇 vs. 𝜇𝜇)

● 𝜂𝑖 ∈ Η are unconstrained nuisance parameters meaning they have no prior
○ Signal strength modifier is typically an unconstrained nuisance
○ D is also unconstrained in our fit and we freeze signal strength modifier

● 𝜒𝑖 ∈ Χ are constrained nuisance parameters meaning we know/can estimate 
their prior probability distribution
○ 𝑎𝜒 are parameters/inputs for the prior
○ All of our priors are either log normal or shape-based
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