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Physics mativation

[ Precise measurement helps in the improvement of search
sensitivity and test of perturbative QCD

O Differential cross section measurement is used to test
fixed-order predictions and extract QCD parameters

d  The tt production cross section is dominant at LHC

1 Serve as backgrounds for many new physics searches
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Production processes

Recent measurements for the following production (final states) processes are covered in this talk

tt (£ + jets)

antiproton

tt (28 + jets)

tW (£ + jets)
tW (22 + jets)
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antiproton

tty (£ + jets)

ttcc (2¢ + jets)
ttbb (2€ + jets)
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Inclusive and differential tt cross CMS-
sections in £ + jets final states

A simultaneous fit is performed for
each distribution combining 24
categories

Various distributions such as transverse
moment of top quarks, invariant mass of
tt is used to measure the cross-section

Differential and double differential
measurement is performed at parton
and particle levels

Neural network is exploited in the
reconstruction of boosted tops

A x? test is performed to compare the
measurements with several predictions

The dominant source of systematic

uncertainty comes from the jet energy
correction
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-TOP-20-001

Total event categories=3x2x4 =24

/N

3 years of 2 channels 4 (2 resolved,
data-taking (u/e + jets) 2 boosted) top
decays

Inclusive cross section

NNLO 832+ 46 pb

791 £ 25 pb

The measured cross section is more precise
(3.16% uncertainty) as compared to the
predicted value (5.5% uncertainty)

Differential cross sections are shown in the next slide

Florida Institute of Technology


http://cds.cern.ch/record/2759302?ln=en
https://arxiv.org/abs/1112.5675

Cross sections
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M(tf) [GeV]
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Inclusive tt cross section

in 22 + jets final states at
Vs =5.02 TeV

e First tt cross section measurement in the
proton-proton collision at Vs = 5.02 TeV

e Provides another check to the SM prediction
at lower energy

Q Thet tproduction cross section is extracted
by the counting experiment

N — Ny
ceABRL

N is the number of observed events

In the denominator, we have

[  Efficiency of event selection

A Acceptance

[ Branching Ratio of W decaying to lepton
and neutrino

d  Luminosity

[ The dominant source of systematic

uncertainty comes from the jet energy
correction

Ot =

(N
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SARCIOMSREIOIN /"0 = 66,871 (scale) 4 1.7(PDF) 3(ug) pb

tt -13

0 =603 £ 5.0 (stat) 2.8 (syst) £0.9 (lumi) pb

Predicted and measured cross sections are
in agreement with in the uncertainties
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http://cds.cern.ch/record/2758333?ln=en
http://www.arxiv.org/abs/1112.5675

e First measurement involving t lepton 359" (13 TeV)
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https://link.springer.com/article/10.1007/JHEP02(2020)191#citeas

e Single top production is sensitive to the relevant CKM matrix element

e Any deviation from the predicted value may be indicative of physics beyond the SM
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u channel, 3j

W Z+jets
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http://www.arxiv.org/abs/1506.04072
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The tty measurement allows to constrain the ty
electroweak coupling

CMS Preliminary
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e First measurement of ttcc cross section CMS 415" (13 TeV)
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Inclusive ttbb cross sections in
£ + jets and 22 + jets final states

a

(W

b tagging discriminant (2" additional jet)

-

0.8

0.6

0.4

The measurement from single and di-lepton
channels have been performed separately

The cross section for ttbarbar, ttjj final states
and the their ratio is obtained in the visible
and full phase space (FPS)

The fit is performed on the b-tagger
discriminant value of the two jets

A 1-d histogram is constructed from the 10x10
(20%20) bins of the 2-d plane of these two
variables for semilepton (dilepton) channel

Theoretical uncertainties from the FSR and
ME-PS matching are the dominant
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b tagging discriminant (f* additional jet)
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Good agreement with most of the generators
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http://dx.doi.org/10.1007/JHEP07(2020)125

Summary

a

Precise measurement of top quark
production cross sections help in
testing the SM, searching for new
physics beyond it, etc

Latest cross section measurements
from CMS is presented from tt, tW,
tty, ttcc, and ttbb production process

Inclusive and differential
measurements are performed

The measured cross sections are in
agreement with the prediction within
the systematic and statistical
uncertainties

The outcome of new measurements
are made

The ATLAS collaboration has also
performed similar measurements
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