Single top production and spin
correlation of top quark pair in ATLAS
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Outline

» Introduction

» Single top production associate with W boson
» Top pair spin correlation

» Summary
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Top quark production in LHC

» Top quark Pair produced: (b)
— gluon-gluon fusion(87%) q
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» 0,,=253pb@8TeV

» Top pair decay channels
— Dilepton(e/p): ~5%
— L+jets(e/p): ~30%
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Top quark production in LHC

Single top production via electroweak interaction

Three production channel.

O.oi=114pb@8TeV in LHC
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Single top Wt production at 8TeV

* LHC is the unique field
* Data: 8TeV, 20.3fb-1

Event selection: ee, yu and e events
v" Two oppositely charged isolated leptons with p;>25GeV
v" Z mass window remove
v" 1 or 2 central jets with p;>20GeV, at least 1 b-jet
v' Btag: MV1 at 70% WP(>0.7892)

v" Set of requirements on Etmiss

2015/12/19 CLHCP,2015, CFENG 5


http://arxiv.org/abs/1510.03752

Signal and control regions
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Separation of Wt signal from background with BDT
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Systematic uncertainties

» Lepton
» Jet and Etmiss
» MC

— PDF, I/FSR

— Generator and parton
shower

— DS/DR
— Background normalization
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Inclusive Wt production cross section

simultaneous profile likelihood fit to the three BDT classifiers
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Discovery Wt process in ATLAS, confirm CMS measurement
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Top pair spin correlation

CERN-PH-EP-2015-241

&, . Helicity basis: ; P
Between the top spin analyzer A

direction in the top rest frame and " e

top direction in the tt system. " h

the angle defined between the top
product in top rest frame and spin axis.

1 d’N 1
=—(1+B,cosé, + B, cosd, —Ccos g, cosb,)
N dcosddcosd, 4
R (C = 0.326 in SM@NLO) A = Nt N = Ny = N
aa, | Nty + Ny + Ny + Njp
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Fvent selection and reconstruction

o two opposite charge leptons,

>2jets, >1b-tagged, large miss Dyt Pyy = E?lbh,
momentum | }m%

« Two b-jets are paired to two Pvy T Pry = EL, o
leptons, with smaller invariant ,) ‘2
mass. ([?g;“— + Pff)“ = NMy-,

o If no solution found, top mass is , )
shifted from nominal to two sides. (pg+ + pv)“ = M+,
Limited [157.5,187.5] with step N 5
1.5GeV (pu/— + pB)“ = mz,

o The second b-jets lepton pairing is ,) )
tried if failed above (pw+ + pg-,)“ = my,

e If more than 1 solutions, the one
with smallest P”-P’is chosen.
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Observed distribution
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Bayesian Unfording

N P(E .|C.,)P,(C.
n(Cie = ZI‘I(E_,E}P(CE|E_;'}. P(C |E)) = nc( il GIR(C)
! lelp(Ej |CIR(C)

> PGIE) depends onR(C), which is a preori probability and
introduce bias in the estimator.

» The iteration is applied to reduce this bias
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Unfolded distribution
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The extracted value for A:

A=0.3151+0.06110.049 Accepted by PRD

First direct measurement of the top pair spin correlation in ATLAS.

2015/12/19 CLHCP,2015, CFENG 15



Summary

» Discovery single top Wt process.
» Direct measurement top pair spin correlation
» The results are within SM

THANKS!
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Changes compared to previous analysis

> Jet pT: now >20GeV, old>30GeV
» B-tag WP: now 70%, old 80%
» Etmiss: now >20GeV, old: no require

» Signal event is only 56% of previous
» Ttbar: 48% of previous
» Non-top background: 20% of previous
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Changes compared to previous analysis

» Analysis region

— Previous: 1ljet 1tag, 2jet >1tag

— Now: 1jet(1tag, Otag), 2jet (Otag, 1tag, 2tag)
» MVA training:

— DR+DS sample used for training
» Systematic uncertainties

— Latest detector related uncertainties

— NLO subtraction and parton shower uncertainties
were combined into one generator uncertainty

» Bill=>RooStats
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Overtraining check
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Figure 21: BDT output distribution for the training and testing samples for 1-jet 1-tag events. The blue
distribution denote the signal and the red distribution denote the background. The error bar on the points
correspond to the MC statistics uncertainty.
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