Searches for vector-like quarks
with the ATLAS detector
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Production & Decay
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Search for VLT at ATLAS
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2. SS dilepton + bjets
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2. SS dilepton + bjets
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VLT mass lIimit (pair production)
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VLB mass Iiimit (pair production)
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B-Wt (8 TeV)

4 ZTUFNBUJD VODFSUBJOUZ

b* B
Pre-fit [%] Post-fit (%] Pre-fit [%] Post-fit [%)]

Jet uncertainties 14.0 6.5 12.0 6.2
b-tagging uncertainties 3.3 3.0 2.8 2.5
Lepton uncertainties 1.6 1.5 1.6 1.6
Fake-lepton uncertainties 2.6 2.4 2.9 2.6
Theory uncertainties

e Top-quark pair 3.2 1.8 9.4 3.4
o Wjets 9.1 3.6 9.6 4.9
e Single top 0.0 0.0 0.1 0.1
e Diboson 0.5 0.5 0.2 0.2
o /-tjets 0.5 0.5 0.7 0.7
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Snowmass 2013

Collider Luminosity | Pileup | 3o evidence | 5o discovery 95% CL
top-partner pair production
LHC 14 TeV 300 fb~! 50 1340 GeV 1200 GeV 1450 GeV
LHC 14 TeV 3 ab! 140 1580 GeV 1450 GeV 1740 GeV
LHC 33 TeV 3 ab~! 140 2750 GeV 2400 GeV 3200 GeV
top-partner single production
LHC 14 TeV 300 fb—! 50 1275 GeV 1150 GeV
LHC 14 TeV 3 ab™! 140 1130 GeV 1000 GeV
LHC 33 TeV 3 ab™! 140 1350 GeV 1220 GeV
LHC 100 TeV 3 ab~! 50 1750 GeV 1600 GeV
LHC 100 TeV 3 ab™! 140 1750 GeV 1575 GeV
bottom-partner pair production
LHC 14 TeV 300 fb—! 50 1210 GeV 1080 GeV 1330 GeV
LHC 14 TeV 3 ab™! 140 1490 GeV 1330 GeV >1500 GeV
LHC 33 TeV 300 fb~! 50 > 1500 GeV | > 1500 GeV | > 1500 GeV
Charge 5/3 fermion pair production
LHC 14 TeV 300 fb~! 50 1.51 TeV 1.39 TeV 1.57 TeV
LHC 14 TeV 3 ab™! 140 1.66 TeV 1.55 TeV 1.76 TeV
LHC 33 TeV 3 ab™! 140 2.50 TeV 2.35 TeV 2.69 TeV

Table 1-15. Expected mass sensitivity for heavy top and bottom partners, based on various studies for
the Snowmass process.
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2. TT —> Wb+X
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TT/ BB — Zt/b+X
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TT/BB — Zt/b+X
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BB - Wt+X
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BB - Wt+X
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SS dllepton + bjets
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SS dilepton + bjets

SF 7

6ODFSUBJOUZ PO UPUBM CBDLHSPVOE Z
Source 5 . 2\/LQ siggal regi02 numbeé - .
Cross section +80 +136 +151 +111 +121 +168 +252 +238
Fake/non-prompt leptons | £33 +£18 + 25 +23 + 26 +16 15 38
Charge misID 57 e 51 57 06 51 55 1401
Jet energy scale U6 1as 117 190 a2 118 148 129
b-tagging e!ciency £10 $£26  yg (5o ‘17 137 150 1w
Lepton ID elciency +13 16 =16 |55 %0 121 55 25
Jet energy resolution +05 +02 +£31 19 03 09 08 <+
Luminosity +09 +11 13 14 +15 15 +21 =
6ODFSUBJOUZ PO UIF ZJFME PG IRRHOBM ## |
VLQ signal region number
Source 0 1 2Q 5 7
Jet energy scale 160" 163 1173 121 124 120 163 130
b-tagging elciency %0 161 1159 137 140 173 174 1710
Lepton ID elciency | +29 +29 +28 +29 37 +29 32 50
Jet energy resolution| 0.8 25 +£39 03 0.7 +£07 £10 0.1
Luminosity +28 +28 28 +28 +28 +28 +28 28
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1. TT - Ht+X
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3. SS dilepton + bjets

SF 7 6ODFSUBJOUZ PO UIF UPUBM CBDLHSPVOE
Source Signal region
SRO SR1 SR2 SR3 SR4 SR5 SR6 SR
Cross section 8 11 26 13 9 27 23 57
Jet energy scale 1 1 3 1 1 3 2 4
Jet energy resolution <1 2 2 2 <1 1 <1 3
b-tagging elciency 1 2 5 3 1 2 2 7
Luminosity 1 1 1 1 1 1 1 1
Fake/non-prompt leptons | 17 7 15 13 26 13 17 17
Charge misID 8 3 7 5 3 6 5 38
6ODFSUBJOUZ PO UIF ZJFME PG UIF TIHOBM UP
Source Signal region

SRO SR1 SR2 SR3 SR4 SR5 SR6 SR

Jet energy scale 2 12 6 4 3 3 3
Jet energy resolution | 16 6 16 14 11
b-tagging elciency 8

4 2 2
2 2

2
7 1 2
5 5 21 14 15 5 5
Lepton ID elciency 1 1 1 2 1
2 2 2 2

Luminosity 2
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2. TT > Wb+X

4 ZTUFNBUJD VODFSUBJOUZ < > SF 7

Signal t® Non-t@ Total background
Luminosity +2.8 +2.8 +2.8 +2.8
Lepton e!ciencies +1.6 +1.6 +1.5 +1.6
Jet energy scale +34/! 7.2 +16 +19/! 9 +17/! 12
Jet elciencies + 1.5 +1.6 + 1.6 +1.6
Jet energy resolution +1.1 + 0.6 +2.6 +1.8
b-tagging e!ciency +5.0 +0.7 +2.9 +2.0
c-tagging elciency +0.4 +1.2 + 2.3 +1.9
Light-jet tagging elciency +0.2 +1.3 + 1.6 +14
High-pr tagging elciency +3.2 +1.3 +0.8 +1.1
Missing transverse momentum b +2.6 b +1.0
t@ reweighting b +15 b +5.9
t@ parton shower b +9.3 b + 3.6
t8rHF: normalisation b +12.0/! 5.5 b +4.5/1 2.1
t8rHF: modelling b + 30 b +11
Theoretical cross sections b +6.0 + 33 + 20
Multijet normalisation b b +2.9 + 1.8
Non-t@modelling b b + 2.3 +14
Total +7 .7/' 10.0 + 40 + 35 + 29




4. T-Wb

41 ZTUFNBUJD VODFSUBJOUZ < > oF 7
Systematic uncertainty | Signal | Total bkg.
Modelling uncertainties [%o]
tPand W +jets normalisation - 15
t#modelling - 4.9
W +jets modelling - 2.4
Single top modelling - 6.3
Multijet estimate - 2.6
Parton distribution functions 2.0 7.4
Experimental uncertainties [%]
b-tagging 8.0 1.5
Small-R jets energy resolution 0.7 0.3
Small-R jets energy scale 3.3 3.6
JVF, small-R jets | < 0.1 0.2
Large-R jet energy and mass resolution 4.0 6.8
Large-R jet energy scale 7.2 9.7
Lepton id & reco 2.3 0.2
Missing transverse momentum 0.3 0.4
Luminosity 2.8 2.7




QQ - WqWq (8 TeV)

EPNJOBOU TZTUFNBUJD VODFSU

§30:— ATLAS \s=8 TeV, 20.3 fb™ OPSNBMJ [ BUJPO
@ | final selection 522 t:a|(600) Signal (mg =700GeV) Non-W+jets W +jets
o F ) signai(7o0) Luminosity +2.8/D2.8 +2.8/D2.8  +2.8/D2.8
s Signal(800) Normalization +15 +2.7/D4.4
el %letv t Lepton identibcation +1.6/D1.6 +1.5/D1.5 +1.4/P1.4
oF ), ol bk, neen Jet energy resolution +0.6/D0.6 +12/D12  +8.7/D8.7
: Jet energy scale +6.1/D4.3 +33/D34 +14/D18
ol | b-tagging +0.2/D0.2 +5.1/D5.3  +0.3/D0.3
- ‘ ‘ c-tagging +1.5/D1.5 +1.5/D1.5 +1.2/D1.2
5 —+ Light-jet tagging +1.0/B1.0 +0.9/D0.9 +1.0/B1.0
5 pEh(V) re-weighting +5.7/D4.2
OO 200 400 600 800 1000 1200 )
Myeco [GEV]
Electron Muon
W +jets 56+15,55 6.0+1.0;9¢
Non-W +jets 1.2+05/%% 1.2+0479%2

Total background 6.8+1.6 ¢

7.2+1.153

Signal (mg = 700GeV) 7.0+0.6 %3
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