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Outline & authors

> theory-inspired introduction

— predictions for HE
— modeling (4/5FS, channel separation) A

— potential EFT interpretations

> common analysis techniques b
— MVA, unfolding (iterative Bayesian & TUnfold)

— top quark reconstruction (t-channel/tZq)

common also for other studies
" = shared description?

> t-channel cross section (HL): 3 plots
- charge r.atio — sensitive to PDF - |
— differential top quark pT, rapidity — sensitive to modeling, PDF
— differential polarization angle — sensitive to EFT/Wtb couplings

> : : : :
s-channel inclusive cross section (HL/HE): 2 plots
— inclusive, differential cross-sections
— analysis of high-Q2 regime — sensitive to EFT/Wtb couplings

> tZq inclusive cross section (HL): ~1 plot

(potentially also differential)




Motivation: t-channel

> inclusive cross section measurements @ 13 TeV
— CMS: o; = 238 + 13 (stat) + 29 (syst) pb
— ATLAS: 0, =247 + 6 (stat) £+ 45 (syst) pb
— already dominated by systematic uncertainties using only data from 2015
— further precision at HL only possible through in-depth study of experimental syst. & modeling

> charge ratio
— allows for cancellation of systematic uncertainties
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— HL-LHC might provide additional input to u/d ratio in proton PDF



https://arxiv.org/abs/1610.00678
https://link.springer.com/article/10.1007%2FJHEP04%282017%29086

Motivation: t-channel (2)

> differential cross sections

— top quark pr sensitive to flavor schemes
4FS 5FS — J. Campbell et al. Phys.Rev.Lett.102:182003, 2009
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— top quark rapidity sensitive to PDF
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https://arxiv.org/abs/0903.0005
https://arxiv.org/abs/1606.08463

l\/\otlvatlon t-channel (3)

productlon of polarized top quark polarization

in SM: L3, o B(’yu
\Y

Y5

A

> observable: angle between q' & lepton in top rest frame: cos@; =

A\

>tW“

— top quark spin aligned with spectator quark (q’)
— angular distributions of decay products dictated
by coupling structure

P (d) - st (0)

[P ()P (6)]


https://arxiv.org/abs/1005.5382
https://arxiv.org/abs/hep-ph/9912458
https://arxiv.org/abs/hep-ph/0201271

Previous differential measurements ...

> top quark pr, rapidity & spectator Jet rapldlty @ 8 TeV by ATLAS - Eur. Phys. J. C 77 (2017) 531
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> polarization angle, top quark pr, rapidity @ 8/13 TeV by CMS 7 JHEP 04 (2016) 073, TOP-PAS-16-004
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https://link.springer.com/article/10.1140/epjc/s10052-017-5061-9
https://arxiv.org/abs/1511.02138
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-004/index.html

t-channel strategy

> goals
— HL-LHC scenario only
— employ standard single top t-channel selection (1 lepton & 2-3 jets w/ 1 b-tag)
— assess sensitivity of charge ratio = evaluate potential gain in PDF fits
— differential measurements
* top quark pr, rapidity
* polarization angle — extract asymmetry & precision on Wtb couplings

> workflow CMSPreliminary 231" (13TeV)

— simulation of multijet background not feasible 2 goop . 21€t° 112 B el ]

— derive multijet contamination by extrapolating ‘55000 : Em o |
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— use pseudorapidity of light jet to estimate 2000 :

precision of signal yield through fit 1000

— challenge: understand impact of pileup in % 1_2: """""""""""""""" _ + ;
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~ estimate signal yield for top quark/antiquark 0% (I 2 3 4 5

& also as a function of the unfolding observables current tracker <] il

— unfold fit results to parton level using TUnfold phase 2 tracker «—



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-004/index.html

Motivation: tZqg

> tZq production
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— very small contribution to total single top production
— includes W & Z boson EWK couplings to fermions
— sensitive to potential BSM scenarios, e.g.

* anomalous gauge couplings
* FCNC

t (t—channel)
t (t—channel)

ti+2Z
t+2 (t—channel)_EI

f+Z (t—channel)]

7 8 9 10 11 12 13 14 15 16
Vs[TeV]



https://arxiv.org/abs/1302.3856
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https://arxiv.org/abs/1712.02825
https://www.sciencedirect.com/science/article/pii/S0370269318302120?via%3Dihub

EZq strategy

goals

— assess achievable precision of inclusive cross section
* focus on HL-LHC study
* add HE-LHC if it fits in timescale

— focus on 3 lepton channel
— study possibility of adding also single lepton channel
(dilepton channel very challenging due to high Drell-Yan background)

— investigate prospects for differential measurement
(not yet settled on observable)

> workflow
— reuse existing ATLAS strategy at 13 TeV
— employ MVA techniques to separate signal from background
— challenge: fake background estimation
— estimate precision through binned fit to pseudo data




Motivation: s-channel

> properties q L
~ small cross section: o)L = 11.44 0.4 pb (14 TeV)
— sensitivity to anomalous couplings
EFT observables of mass spectrum
— particularly: probing process at high W+
momentum transfers yields high sensitivity

to anomalous Wtb couplings —/ l_)

> goals
— assess reachable precision on cross section
— study sensitivity to Wtb couplings
— study cross section as a function of the momentum transfer
for HE scenario (e.g. differentially)
— determine if the high-Q2 ( mp ) region can be access already at HL-LHC

> strategy
— signal region: 1 lepton + 2 b-tagged jets
— similar to ATLAS 8 TeV result except using neural network instead of matrix element method
— a fiducial selection on my, will be applied to study the high-Q2 region




Previous s-channel measurements

> only 7/8 TeV measurements so far
(13 TeV challenging due to less steeply increasing cross section wrt. other processes)

> CMS
— observed sig.: 2.5
(expected: 1.1)

> ATLAS
— observed sig.: 3.2
(expected: 3.9)
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https://arxiv.org/abs/1603.02555
https://arxiv.org/abs/1603.02555
https://www.sciencedirect.com/science/article/pii/S037026931600188X?via%3Dihub
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> single top plans for HL/HE YR
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