cMms, | Q7
i w\ 7
\ —.//I‘\‘? HEPHY

INSTITUTE OF
HIGH ENERGY PHYSICS

Recent studies on top quark properties and
mass in CMS

Dennis Schwarz
on behalf of the CMS Collaboration

ICHEP 2022



The top quark

cms, |

m Heaviest particle in the SM

m Yukawa coupling of ~ 1 q.1
m Sensitive to QCD and electroweak _

m Preferred coupling to new physics? f Y
m So far no signs in direct searches b

— Precision measurements of its
properties could reveal indirect effects
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Top quark mass

CMS
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Tensions between:
m Fit ++ measurements

m Direct <+ pole mass
measurements

— Precisely measure m; and explore full phase space
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CMS

Measurement of m; NEW!
[TOP-20-008]
m /+jets channel of tt
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https://cds.cern.ch/record/2806509?ln=en

CMS

Measurement of m; NEW!

[TOP-20-008]
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CMS
Measuring the pole mass NEW!

[TOP-21-008, submitted to JHEP]

m tt +1jet in dilepton channel

m Differential cross section as a function of p = m'f’o, . mo = 170 GeV
tt+jet
m Full tt kinematic reconstruction using NN
m Second NN for event classification
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https://cds.cern.ch/record/2804936?ln=en

CMS
Measuring the pole mass NEW!

[TOP-21-008, submitted to JHEP]

m Likelihood-based unfolding More details:
. . P Sebastian's
m Fit constrains uncertainties
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Measuring m; with mje

NEW!

[TOP-21-012], [Stewart et al, JHEP 11 (2015) 072], [Thaler & Wilkason, JHEP 12 (2015) 051]

CMS

m Differential tt cross section as a
function of mje;

m (+jets channel in boosted regime

m Two-step jet clustering with XCone

m Previous measurement with 2016 data:

me = 172.6 & 2.5 GeV

— Increase precision by calibrating jet
mass scale and FSR modeling
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https://cds.cern.ch/record/2809549?ln=en
http://dx.doi.org/10.1007/JHEP11(2015)072
https://link.springer.com/article/10.1007/JHEP12(2015)051

Measuring m; with mje

NEW!

[TOP-21-012], [Thaler & Tilburg, JHEP 03 (2011) 015], [Thaler & Tilburg, JHEP 02 (2012) 093]

CMS /|

Jet mass scale measured with

reconstructed W

Events /5 GeV

Add flavour uncertainty to account for

differences of b jets and light jets
AmY(JES) = 1.5 GeV —
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Data/MC

FSR modeling calibrated with jet

substructure 735

au.

Tune MC to describe jet substructure

in boosted regime

Am2Y(FSR) = 1.2 GeV —
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https://link.springer.com/article/10.1007/JHEP03(2011)015
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Measuring m; with mje

[TOP-21-012]

NEW!

CMS

m Regularized unfolding with TUnfold

m Extract m; from normalized

distribution

— |my = 172.76 + 0.81 GeV

m Largely reduced uncertainties

Source Uncertainty [GeV]
Statistics 0.22
JER 0.40
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hdamp 0.19
CR 0.19
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CMS

Charge asymmetry in tt NEW!
[TOP-21-014]
” 138 fb™ (13 TeV)
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asymmetry in tt

m Effect only in g — tt

m Boosted regime enriches qg
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m SM prediction ~ 1%
m Could be influenced by BSM

m Measurement in /+jets

m Bins of myz

Data/MC
o
]

Alyl= Ay )

Dennis Schwarz


https://cds.cern.ch/record/2809614?ln=en

CMS
Charge asymmetry in tt NEW!

[TOP-21-014]

m Maximum likelihood fit and likelihood-based unfolding
m Ac also obtained in full phase space
m Good agreement with SM

m Largest uncertainties:
QCD scales, FSR, Top pt modelling, JEC
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Summary

m We are within precision era of top physics at LHC
m Measurements of m;:
m Most precise direct measurement
m Pole mass in tt +1jet
m Improved precision in boosted mje; measurement
B (Run 1 ATLASH+CMS combination in Richard’s talk)
m Charge asymmetry in boosted tt

m Precision already superseding predictions
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