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Introduction: top and single top physics

The top quark is the most massive particle in the SM.
- Highest Yukawa coupling to the Higgs boson.
- Dueto its large mass, decays almost always before hadronising.
It has large interest at LHC physics due to:
- Multiple links with BSM proposals (e.g. SUSY extensions such as stops).
- Large presence of its production processes (above all pair production) due to their large cross
section.
Top quark production occurs in two different ways: top pair (QCD) and single top (EW):
- Allow to probe and measure V.

- Top quark is polarised, because of the tWb vertex.
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Polarisation measurement and bounds on the tWb dipole operator

13 TeV, 139 fb', t-channel

ATLAS-CONF-

2021-027
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EXPERIMENT

One single central, isolated and energetic (>30 GeV) lepton, zoof- postFi
either muon or electron.
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Exactly two energetic jets, of which one must be b-tagged.

Significant p,™ss (> 35 GeV).
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Cuts to avoid multijet background on the m.(l, p,™=) and p.(l).

in the octant vector for both quark (Q,) and antiquark (Q),
and 4 control region bins (for ttbar and W+jets) is done.

Protos (LO generator) is used to obtain the projection of the
joint PDF of the fully differential angular decay distribution
onto the Q variable.

Result compatible with the prediction at NLO from
Powheg+Pythia8.
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Polarisation measurement and bounds on the tWb dipole operator
13 TeV, 139 fb", t-channel
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Event selection:

- One single central, isolated and energetic (>30 GeV) lepton, either
muon or electron.

- Atleast two jets: either low-p, ones (>20 GeV), or high-p, jets (> 40
GeV).

- m(W)>50 GeV.

- Additional cut is imposed in the 3j2t region to enhance S/B ratio.
Category Enriched in Cross section x branching fraction Feynman diagram
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* Strategy: perform a maximum-likelihood fit on
the 2j1t, 3j1t and 3j2t regions.

- The signals are the t-ch. decay modes
featuring different V,_ in their Feyman

diagrams: ST, ST, and St .

b,b’

* MVAs (BDT) are trained for each region, and its
discriminant is used for the ML fit.

—  Previously, two ML fit are done to extract the
QCD/multijet background normalisations in
the 2j1t and 3j1t regions.
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Inclusive measurement of tZq production
13 TeV, 139 fb", tZq process q p JHEP 07 (2020) 124 AT LAS

Common selections

EXPERIMENT

Exactly 3 leptons (e or u) with || < 2.5
pr(€y) > 28GeV, pr(,) > 20GeV, pr(f;3) > 20GeV
pr(jet) > 35GeV

SR 2j1b CR diboson 2j0b CR 1t 2j1b CR #1Z 3j2b
> 1 OSSF pair > 1 OSSF pair > 1 OSDF pair > 1 OSSF pair
lmgp —m,| < 10GeV ||m,, — m,| < 10GeV No OSSF pair lmpp — m,| < 10 GeV
2 jets, |n| < 4.5 2 jets, || < 4.5 2 jets, || < 4.5 3 jets, ] < 4.5
1 b-jet, In| <2.5 0 b-jets 1 b-jet, In] <2.5 2 b-jets, [n] < 2.5
SR 3j1b CR diboson 3j0b CR 1t 3j1b CR #1Z 4j2b
> 1 OSSF pair > 1 OSSF pair > 1 OSDF pair > 1 OSSF pair
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3jets, [n] < 4.5 3jets, |n] < 4.5 3 jets, || < 4.5 4 jets, [n] < 4.5
1 b-jet, In| < 2.5 0 b-jets 1 b-jet, |n] <2.5 2 b-jets, [n] < 2.5
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Inclusive measurement of tZq production
13 TeV, 139 fb", tZq process JHEP 07 (2020) 124 &I!ThﬁNST
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Inclusive and differential measurement of tZq p

13 TeV, 138 fb, tZq channel

Event selection

Three central and energetic leptons (pr> 25, 15, 10 GeV),
two of them should form an OSSF pair with invariant
mass compatible with that of a Z boson.

At least two energetic jets (pr> 25 GeV), of which at least
one should be b tagged.

Non-prompt backgrounds are estimated through data-driven
methods.

Inclusive measurement strategy

An MVA output is used to do a maximum-likelihood fit
and extract the signal.

Control regions are defined to constrain the WZ and Zy
backgrounds.

The inclusive, as well as the separated contributions per
charge of the lepton coming from the top of the tZq
process and its ratio are extracted.

Cizaq(ir) = 62:2 137 (stat) 737 (syst) fb
Gizqir) = 261 145 (stat) 39 (syst) fb
R =237 ‘3_513 (stat) 'gg (syst) .
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Inclusive and differential measurement of tZq production \QMS\
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Measurement of tW production (semileptonic channel) ATLAS

(8TeV)20.2 fb", tW channel Eur. Phys J.C 81 (2021)720 S T
_ § ATLAS Simulation |
* Event selection: g Ve =8Tev)
Z
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- Veto of less energetic leptons (> 25
GeV).
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09371-7

Measurement of tW production (semileptonic channel) ATLAS

20.2 fb-', tW channel

Eur. Phys. J. C 81 (2021) 720 EXPERIMENT

* Resultisin good agreement with expectations at NLO+NNLL:

Oobs. — 20 £+ 7pb

Source Uncertainty [%]

Opred. — 22.4 + 1.5pb

Phys. Rev. D 60, 113006

 ATLAS

Jet energy scale
b-tagging

Jet energy resolution
ES reconstruction
Lepton reconstruction
Luminosity

Jet vertex fraction

Events / bin

post-fit, 3j1b

[ Vs =8TeV, 20.2fb™ 4 Data mmm Wijets HF

W e Wajets LF
Events x4 . i .| Other

tt radiation
tW radiation
tW—tt interference

Data / Pred.

it cross-section normalisation 6
Other background cross-section normalisations 5
tW and #f parton shower 4
tW and ## NLO matching 3
PDF 1
Model statistics 11
Data statistics 4
Total 27

Discriminant
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https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-021-09371-7
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.60.113006

Measurement of tW production (semileptonic channel) M
13 TeV, 35.9 b, tW channel Sub. to JHEP, arXiv:2109.01706 2=

* Event selection:
- One energetic, isolated and central electron (> 30 GeV) or muon (> 26 GeV).

- Veto of less energetic leptons (> 10 GeV muons, > 20 GeV electrons).

- Atleast two and no more than four central and energetic jets should be in the events.

- Exactly one of the jets must be b-tagged.

* Strategy:

- Events are categorised into separate regions depending on the number of jets.

- Signal region: events with three jets.

- Control regions: events with two jets (W+jets background CR) and events with four jets (ttbar CR).

- QCD/multijet background estimated from a dedicated region by inverting lepton isolation requirement.

- WH+jets background estimated by extrapolating to signal region the ratio with the QCD bkg. in the 2j0b region.

= Two (for muon and for electron) MVA (BDTs) are trained in the signal region to discriminate.

08-09-2021

Variable Description

Mass of the reconstructed Wboson decaying hadronically
Invariant mass of the b-tagged jet and sub-leading non b-tagged jet
Angular separation between the two non b-tagged jets

Angular separation between the reconstructed leptonic Wboson and leading non b-tagged jet
Transverse momentum of the selected lepton

Energy of the two non b-tagged jets system

Angular separation between the b-tagged jet and the selected lepton

Transverse momentum of the system made of the three jets, lepton and pss
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https://arxiv.org/abs/2109.01706

Measurement of tW production (semilept

13 TeV, 35.9 fb!, tW channel

Tobs. = 89 + 4(stat.) &= 12(syst.)pb

NNLO (QCD) Opred. = 71.7 £ 1.8(scale) + 3.4(PDF)pb PoS DIS2015 (2015) 170
N3LO (QCD) |0rea. = 79.57 13 (scale) T2 ) (PDF)pb

Source

Relative uncertainty (%)

JHEP 2021, 278 (2021)

Experimental

Jet energy scale

b tagging efficiency
Luminosity

Lepton energy scale

Trigger efficiency

Jet energy resolution
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Unclustered energy
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Normalization

QCD multijet normalization
W+jets normalization

Z+jets normalization

Single t normalization

tt normalization

VV normalization

Theoretical

hdamp

Diagram removal/diagram subtraction
Underlying event tune

Colour reconnection model
Parton distribution function
Matrix element/parton shower matching
Final-state radiation
Initial-state radiation

Total systematic uncertainty
Statistical uncertainty

Total uncertainty

Events / bin

Data/Pred.
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Events / bin

Data/Pred.
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https://arxiv.org/abs/2109.01706
http://dx.doi.org/10.22323/1.247.0170
https://link.springer.com/article/10.1007%2FJHEP05%282021%29278#citeas

Summary

The latest measurements from single top processes have been made in the t and
tW channels as well as in the tZq process.

- The t-channel has been used to measure the top quark polarisation vector,
differential cross sections depending on angular observables and also to put
bounds on the tWb operator.

- This production mode has served to measure the top quark CKM elements in
different contextes (both SM and BSM).

- A measurement in the tZqg process has been made, with a final inclusive cross
section with a ~15% relative uncertainty by ATLAS...

= ..and another one by CMS with ~12% relative uncertainty, that also measured
differentially the process depending on various observables, and measured
the top quark spin asymmetry, everything in overall agreement with SM
expectations.

- The tW channel in its semileptonic decay mode has been measured inclusively
at 13 TeV and 8 TeV by CMS and ATLAS with 15% and 27% relative uncertainty
respectively.
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