Other Top Quark Properties
at ATLAS

1. Top Quark Charge Measurement (ATLAS-CONF-2011-141)
2. Inclusive Radiative Top-quark pair Cross-Section Measurement (ATLAS-CONF-2011-153)

Antonio Limosani

On behalf of the ATLAS Collaboration

ICHEP 2012

THE UNIVERSITY OF

MELBOURNE




Motivation

e Confirm SM nature of the top quark
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Motivation

e Confirm SM nature of the top quark

e Without Q(top) measurement exotic Q=-4e/3 is possible
(Baur et al. PRD64 (2001) 094019)

Standard Model (t)
brtp
b L
Exotic Model (t) (Ql cos Oy + bsin @b>
b L Q4 R
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e Directly measure Q(top) from
- Decay products

- coupling to y-radiation
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e Confirm SM nature of the top quark

e  Without Q(top) measurement exotic Q=-4€/3 is possible
(Baur et al. PRD64 (2001) 094019)

Standard Model (t)
brtp
b L
Exotic Model (t) (Ql cos Oy + bsin @b>
b L Q4 R

e Directly measure Q(top) from
- Decay products

- coupling to y-radiation

New

e Confirm SM nature of coupling Physics?
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Top-pair Production Event Selection
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Top-pair Production Event Selection

Objects
o Single lepton trigger
° |solated lepton
- Wusing 5SS
¢ Anti-kt R=0.4 jets

¢  Atleast one b-tagged jet
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Objects
Single lepton trigger
|solated lepton
W using 5SS
Anti-kt R=0.4 jets

At least one b-tagged jet

Backgrounds
W + jets (data driven)
QCD Multijet (data driven)

Single Top, Z+jets, Diboson (MC)
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Objects
o Single lepton trigger
° |solated lepton
- Wusing 5SS
¢ Anti-kt R=0.4 jets

¢  Atleast one b-tagged jet

Requirements for top
charge measurement

Backgrounds

¢ W + jets (data driven) M beiet ch
® easure b-jet charge

o QCD Multijet (data driven) M lent h
@ easure lepton charge

«  Single Top, Z+jets, Diboson (MC)
® Pair lepton and b-jet

L eeee—— B———
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b-jet Charge : Track Weighting Method
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b-jet Charge : Track Weighting Method
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b-jet Charge : Soft Lepton Method

e Muon charge tags b-jet charge : BF(b—->Xpuv)=11%
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b-jet Charge : Soft Lepton Method

e Muon charge tags b-jet charge : BF(b—->Xpuv)=11%

e Find soft muon within jet (AR<0.4, pt>4 GeV & P > 0.8 GeV )
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b-jet Charge : Soft Lepton Method

e Muon charge tags b-jet charge : BF(b —-> Xuv)=11%
e Find soft muon within jet (AR<0.4, pt>4 GeV & P > 0.8 GeV )

® Kinematic likelihood fitter technique to pair the soft muon and jet
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b-jet Charge : Soft Lepton Method

e  Muon charge tags b-jet charge : BF(b > Xuv)=11%
e  Find soft muon within jet (AR<0.4, pt>4 GeV & Pt® >0.8 GeV)

® Kinematic likelihood fitter technique to pair the soft muon and jet
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Cross-Checks and Systematic Uncertainties

¢  Calibration of both methods using b-quark pair di-jets events

» lepton charge found to be uncorrelated to the absolute charge of the b-jet charge

»  Systematic Uncertainties related to jets are largest
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Cross-Checks and Systematic Uncertainties

¢  Calibration of both methods using b-quark pair di-jets events
» lepton charge found to be uncorrelated to the absolute charge of the b-jet charge

»  Systematic Uncertainties related to jets are largest

Main Systematics

Source < Qeomb > (%) | < Q2, > (%)
e+jets u-+jets | e+jets u+jets
ISR/FSR 14 11 15 24
Jet/ EPss I 3 5 3
tt Modelling 2 2 7 10
Total uncertainty
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SM or Exotic Top Quark?

e Test statistic <Qcomp> to test null hypothesis (SM) versus signal hypothesis
(Exotic)
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e Test statistic <Qcomp> to test null hypothesis (SM) versus signal hypothesis

(Exotic)
Model < Qeomp > < Q%7 >
SM —0.082 £+ 0.020 (stat) —0.234 + 0.011 (stat)
Exotic  -+0.083 & 0.020 (stat) -+0.234 & 0.209 (stat)
Measured —0.082 = 0.015 —0.31 £0.07
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e Test statistic <Qcomp> to test null hypothesis (SM) versus signal hypothesis

(Exotic)
soft
MOdel < Qcomb > < Qcomb >
SM —0.082 = 0.020 (stat) —0.234 = 0.011 (stat)
Exotic ~ +0.083 + 0.020 (stat) +0.234 £ 0.209 (stat)
Measured —0.082 = 0.015 —0.31 =0.07
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¢ Exotic top excluded at >50
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Radiative Top Quark Pair Proceesses

Radiative Top Quark Production
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Radiative Top Quark Pair Proceesses

Radiative Top Quark Decay
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Radiative Top Quark Pair Proceesses

Radiative Top Quark Decay

@ WHIZARD MC generator : Iv;qg’ bby and lv;I"v;, bb at leading order (p%-}EN(fy) > 8 GeV)

@ Prediction LO ¢ - BR(s = /7 TeV) = 0.84 pb, with k-factor of 2.55, NLO prediction
o -BR(s = vV/7TeV) =2.14+ 0.4 pb

A. Limosani @ ICHEP 2012 (Melbourne) Other Top Properties at ATLAS JULY 5,2012



Analysis Strategy

® Photon Et > 15 GeV, |n| < 2.47, Veto
1.37 < |n| < 1.52

® At least one b-tagged jet

® Veto event if AR < 0.5 between jet and
the photon

® etjets: mey < 86 GeV and mey > 96 GeV
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Analysis Strategy

® Photon Et > 15 GeV, |n| < 2.47, Veto
1.37 < |n| < 1.52

® At least one b-tagged jet

® Veto event if AR < 0.5 between jet and
the photon

® etjets: mey < 86 GeV and mey > 96 GeV
® Backgrounds
o Hadron fakes (110)

® Dileptonic decays e—y fakes
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® Photon Et > 15 GeV, |n| < 2.47, Veto
1.37 < |n| < 1.52

® At least one b-tagged jet

® Veto event if AR < 0.5 between jet and
the photon

® etjets: mey < 86 GeV and mey > 96 GeV
® Backgrounds
o Hadron fakes (110)

® Dileptonic decays e—y fakes

Perform a fit to pT-cone20 distribution
using templates

> lpr

tracks
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® Photon Et > 15 GeV, |n| < 2.47, Veto
1.37 < |n| < 1.52

® At least one b-tagged jet

® Veto event if AR < 0.5 between jet and
the photon

® etjets: mey < 86 GeV and mey > 96 GeV
® Backgrounds
o Hadron fakes (110)

® Dileptonic decays e—y fakes

Perform a fit to pT-cone20 distribution
using templates

® Z—ee data (signal)

® Jet-triggers (hadron fake)

# vy candidates / bin (normalized)
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Yields from fit to data

¢ Templates fit to e+jets and u+jets data simultaneously

¢ Signal and hadron fakes floated in the fit

fit parameter fit value with statistical uncertainty
hadron fakes in the e+jets channel 21 + 6 events
hadron fakes in the u+jets channel 28 + 8 events
electrons faking photons from 7 in the e+jets channel 74 +1.7 events
electrons faking photons from #f in the u+jets channel 109 +2.2 events
tty background in the e+jets channel 0.2 events
tty background in the u-+jets channel 0.4 events
non-tf background in the e+jets channel 6.7 events
non-¢f background in the u+jets channel 3.8 events
total number of background events 78 + 14  events
total number of signal events 46 + 12  events
tty signal (before selection and acceptance cuts) 2100 + 500 events
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Fit Projections and Measurement
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Fit Projections and Measurement
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¢  Null hypothesis p-value = 0.71% (2.70)
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Fit Projections and Measurement
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O tiry B(p%EN (’7) > 8 GeV) — 2.0 £ 0.54¢4t. O-7syst. + 0.0814m. pb
¢  Null hypothesis p-value = 0.71% (2.70)

Systematics Source Uncertainty on the cross-section [pb]
Photon identification scale +0.33
Initial and Final State Radiation +0.31
Jet Energy Scale (pile-up uncertainty) +0.28
Jet Energy Scale +0.28
Electron to Photon extrapolation +0.22
Overall Total +0.70
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e Top quark charge +2e/3. Unequivocally exclude the exotic
charge -4e/3 scenario at >50

o Dp — tfw measurement a first at the LHC (2.70 significance).
On the road to testing SM predictions for the electroweak
couplings
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