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Introduction

Introduction Top Pair Branching Fractions

Why study top-quark physics?
> most massive (known) elementary particle
> decays before hadronisation
> production through strong & EWK, rich space of decays
What's new? 2
> LHC Run Il dataset has grown — [£dt=36fb! ptjets

e+jets
> new analyses with /s=8 TeV data, d
more analyses at /s=13 TeV

> new results made public since LLWI2017:

top cross section

single top top pair production t/tt + X
t-channel Wit t+Z tt+y
l+jets dilepton dilepton L+jets all-hadronic  trilepton L+jets
8 TeV total 8 TeV el events 8 TeV inclusive 13 TeV fiducial 13 TeV inclusive 8 TeV fiducial
fiducial differential differential differential
differential 8TeVl=1T

inclusive
13 TeV differential

13 TeV excl. Nygtg
differential
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Measuring Inclusively

At the precision frontier

Vs=8TeV, tt — l+jets
> arXiv:1712.06857
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Measuring Inclusively

> previous best: §o,;/0,; ~3.2% (dilepton ey, 8 TeV) :&
> l+jets has larger backgrounds than dilepton, suffers from jet uncertainties
— new approach .
Select 1l(e/w), =4 jets, = 1b-tag, missing transverse momentum

% ATLAS j ) {s=8 TeIV, 20.2 fb* _
o > 4jets 1 btag ] —» ~336k events @ ~79%tt - /
0 o Data
P B
1
2 e Backgrounds
g WZ+Jets
m v ] Data-driven:

7/MC stat. + norm. syst.

> Wijets: shape from clean Z+jets “converted” to W+jets
> “Fake” leptons: shape from enhanced control regions,
normalised by fit to E,‘rmsslln?/ (e/w)

Simulation
> Single top, Z+jets, diboson

oy u..'u"--o,v.--o.n!;»‘“w);}d

50 100 150 200
my(W) [GeV]

Data
Pred.

> need to constrain jet and b-tag uncertainties

> increase sensitivity to signal contribution to dataset

signal regions

[ define 3 exclusive -

4 jets, 2 b-tags > 4 jets, 1 b-tag > 4 jets, = 2 b-tag

> arXiv:1712.06857
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[ define 3 exclusive B signal regions —

jets, 2 b-tags

Unambiguous tt reconstruction

+ unambiguous jet assignment

low background contamination
m(jj) provides sensitivity to JES
& radiation

v+

ATLAS (528 TeV, 20.2 fbo*
4jets 2 btags + Data
mi

1
EmSingle top 7
[IZtow data
mmz+ets
[Ibiboson

I Multjet

7/, Postit uncertainty

Events / 8 GeV
=
o
=}
=}
S

0!
g5 12 |
| 7 LR » %
D‘ 8| €|
0 50 100 150 200
# m(j) [GeV]

> 4 jets, 1 b-tag > 4 jets, = 2 b-tag

Simple tt > Select 4 highest pr jets
reconstruction > L+ EPYSS — Wiep
algorithm > lep top: Wpep + jet closest to |
>

had top: other 3 jets

+ high statistics; more than half of all
selected data
— high background contamination
> large W+jets contamination ~16%
| |
build neural net (object combination masses & orientation, aplanarity)
— discriminate tt from (W+jets) background

v v

fs=8Tev, 202 b

+ high signal purity
> sensitivity to extra HF radiation
and c-as-b mistags

."E? ATLAS

S E2ajets 1 btag
£40000F° "oaa  gmi

w Single top ] ZtoW data

[ Z+Jets Diboson
30000F mmm Muttiet 777 Post-it uncertainty

15=8 TeV, 20.2 fb*
>4 jets 2 2 b-tags (excl. 4 jets 2 btags)

20000

10000

Data
Pred
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simultaneous signal yield extraction fit
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Measuring Inclusively

[ define 3 exclusive T signal regions —

4 jets, 2 b-tags > 4 jets, 1 b-tag > 4 jets, = 2 b-tag
' \

v

simultaneous signal yield extraction fit

> binned maximum-likelihood fit to discriminating distributions

> simultaneous in three signal regions
> signal yield Ny; and W+jets normalisation floating
> nuisance parameters introduce b-tagging efficiency and jet energy scale correction

— use Ny to extract inclusive and fiducial cross section

Measured ogq(tt) = 48.8+0.1(stat)+ 2.0(syst.)+0.9 (lumi.) pb 45 %

6Ut{/0tf

Oinc (tt) =248.3£0.7 (stat.)+ 13.4 (syst.)+ 4.7 (lumi.) pb 57 %

/

Predicted ogy (tt) =253 *13pb y

Fabian

compare to dilepton
inclusive fiducial

4.4 % 39%

Highlights of top quark cross-section measurements at ATLAS

Dominant Syst.
Lumi. 1.9 %

Lep. ID 1.4 %
Lep. Trig. 13 %

PDF 3.0%
Scales 22 %
Lumi. 19 %

> arXiv:1712.06857
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Measuring Inclusively

At the rarity frontier

V/s=13 TeV, tZ — trilepton
> arXiv:1710.03659
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Measuring Inclusively

Motivation Y —
> production sensitive to Vi1, — probing fundamental SM structure "AA~
> sensitivity to tZ coupling and WWZ triboson coupling Ny
> no observation of tZ yet ﬂm’( >
Event Selection WWZ coupling tZ coupling
> trilepton w/ opp. sign same-flavour pair L1171 | +- 7
> one b-tagged jet, one additional untagged jet [ '* PSS — W § ATU‘*S T + oata
Wi+b =t 8 1zq
Imy —mz1<10 GeV, my¥ >20 GeV H = hn
Diboson

Analysis Strategy IV HTHHWZ

> construct Neural Network (NN) to discriminate signal from
backgrounds 20

> extract signal yield Nz with profile likelihood fit of NN output
in signal region

Backgrounds . |
> Dib dominant) from simulati lisation from CR & | |
iboson: (dominant) from simulation, normalisation from T by \\\\\*m ??RRR“\\\%SS#

g 0
Fake/non-prompt lepton: N
> ti: simulation + normalisation from Cll\f‘llf in CR 0 01 02 03 04 05 06 07 08 09,1

> Z+jets: fake factor method from fake enhanced CR

> tW,tt+ V/H,tWZ: from simulation

Measured: p1=0.75+0.21(stat.) £ 0.17 (syst.) £ 0.05(theo.) > significance: 4.20 (observed), 5.40 (expected)
047q =600+ 170 (stat.) + 140 (syst.) fb

> . - o
i precision statistically limited!
Predicted: o0 =800fb 51 %

— expect more to come with 2017 dataset

> arXiv:1710.03659

Highlights of top quark cross-section measurements at ATLAS



https://arxiv.org/abs/1710.03659

At the rarity frontier

Vs =13 TeV, Wt — dilepton
> arXiv:1712.01602

Measuring Differentially

Fabian Wilk Highlights of top quark cross-section measurements at ATLAS

MANCHESTER

/ 15


https://arxiv.org/abs/1712.01602

Motivation

iring Differentially

b

> production and decay sensitive to Vi,
— probe fundamental SM structure

> sensitivity to new physics affecting Wtb coupling

Event selection

> exactly two leptons 171~

> exactly one jet, must have b-tag

> lepton flavour dependent kinematic cuts in (mu,EITniSS)

to reduce Z+jets contamination

Analysis strate; N 4 Data
Y & - £8000F (5= 13TeV, 36.1 fb" 4 3
> train BDT to discriminate tt from tW E 7000F 1jib N E

> apply cut on BDT output: tW purity ~17%.135%
— also reduces impact of systematics (from tt bgr.)

> measure energies / masses of final state objects &

combinations

> correct for detector effects & acceptance (“unfolding”)
— unfold distributions to particle level
— normalise to fiducial cross section
— compare to predictions from MC, assess agreement as y°

Backgrounds

> taken from simulation: tt (dominant), Z+jets, diboson

S 9000 ATLAIS

Data/Pred.

Highlights of top quark cross-section measurements at ATLAS

T T
. Total syst. unc.
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Measuring erentially
Variables b
E(llb b
m(1b) (o) - b
E(b) m(lyb) mr (llvvb)
N
2 m(llb) DS
9 1
probe: probe: probe:
top quark production top quark deca tW system = NS asas
pd P P v Y % [ ATLAS ¢ Data ]
> traceable to top quark > sensitive to spin > combined system S 001 513 TeV, 36.1 fb" Total uncertainty
correlations ug‘: [ —— Powheg+Pythiaé (DR) |
]
5

all observables selected w/ minimal bias from BDT
& low correlation to BDT output

Lo ) alternative
both stat. & syst. uncertainties sizeable treatment of
measurements consistent with predictions | nnw

) . interference
comparison w/ alternative treatment of
tt/tW interference gives similar results
alternative

ME generator

—— aMC@NLO+Herwig++

Powheg+Herwig++

?

50
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Measuring Differentially

At the kinematic frontier

V/s=13 TeV, tt — all-hadronic
> arXiv:1801.02052
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Measuring Differentially

Motivation
> full tt event kinematic reconstruction
> measurement at kinematic frontier: very high top pt
Event selection
> 2 b-tagged small-R=0.4 jets w/ pr>25 GeV
» _R = H ~ 3500 events
2 large-R=1.0 jets w/ pt >500/350 GeV Z75% pure i
> large-R jets must be top-tagged
> large-R jets must have AR(j,b) <1

Backgrounds

> QCD multijets: (dominant) estimated from data (ABCD method)

» non-allhadronic tt, single top, tt+ H/V: from simulation

Analysis strategy
> measure top-jet and tt observables
»> unfold to stable particle level and parton level
— stable, “detector-like” particles — tt event with pr cuts
0 1, 2 small-R jets, 2 large-R jets t
top- and b-tag large-R-jets Pt >500/300 GeV
»> compare unfolded results to NLO predictions
> assess compatibility using Q(Z/p—value g
[a]

Events / GeV/

Prediction

T,
ATLAS
s =13TeV, 36.1 fb"
[t (all-had)
[ tt (non all-had)
I Single top
HW/Z/H
= Multijet

i
1)
o

T T
Signal region

+ Data 2015+2016

| Stat. Unc.

[ Stat. ) Det. Syst. Unc.
Stat. 0 Tot. Syst. Unc.

I ) T N |

.
0 20 40

60

80 100 120

Lead. subjet mass in lead. large-R jet [GeV]
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i [Gev ]

' Py

Vo, Mo_/d

Prediction

Data

107

107

Results

= T
[ ATLAS

T
« Data

..... MG5_aMC@NLO+PY8
Sherpa2.2.1
Stat. Unc.
Stat. 0 Syst. Unc.

POWHEG+Py8
POWHEG+HT

b

Yo, Mo /dy

leading top-jet pr

900 1000 1100

P GeV)

1200

i

Prediction

i

1.

Data
°

tially

> predicted total particle-level cross-section exceeds the observed value
large systematic uncertainties — effect is not statistically significant

> reasonable agreement between normalised measured differential cross-sections and predictions

leading top-jet |y|

> top-jet transverse momentum modelled very well by simulation

> leading top rapidity shows small slope, more central tops predicted,
sub-leading top not affected

> largest discrepancy from aMC@NLO+Py8 e.g. modelling di-top pr

Highlights of top quark cross-section measurements at ATLAS

- F T 7
« Daa L « Daa B
POWHEGH 8 fE2isTev. 30110° roweon 3
MG5_aMC@NLO+Py: L [ Fiducial phase space  ..... MG5_aMC@NLO+Py8 |
Sherpa2.2.1 s 2L Sherpa2.2.1 -
Stat. Unc. . B Stat. Unc, E
Stat. 7] Syst. Unc. © E Stat. [ Syst. Unc. E|
El £ ]
&% 107 5
Bl E 3
10° =
€| E L =
Sl P
" 3|8 = S =
1 e L g 1
al
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Summary

Summary

vVvyVvYyy

and kinematic regimes

v

> opens up access to rarer and rarer processes
> potential for reduced stat. uncertainties on 3 of 4 measurements presented here
> potential to extend differential measurements to more dimensions, additional final states

the LHC has proven itself as top factory enabling access to more elusive phase-space regions
inclusive measurements of O reach 4—5% precision, consistent with SM

measurements of rare production (tZ/tt+7v) compatible with SM prediction

MC predictions agree broadly with differential measurements across a variety of final states

no top quark measurements with 2017 dataset public yet, expect 36fb~1 1 ~80fb~!

Measurement V5 [TeV]  [Lde [fb™']  ATLAS code Link
single top: tW, differential 13 36 > TOPQ-2016-12 > arXiv:1712.01602
single-top:  t-channel, differential 8 20 > TOPQ-2015-05 > arXiv:1702.02859
> Eur. Phys. J. C 77 (2017) 531
tt:  l+jets, +N jets, differential 13 3.2 > TOPQ-2017-01
tt:  all-had, differential 13 36 > TOPQ-2016-09 > arXiv:1801.02052
tt:  L+jets, inclusive 8 20.3 > TOPQ-2016-08 > arXiv:1712.06857
tt: ey, differential 8 20 > TOPQ-2015-02 > arXiv:1709.09407
> Eur. Phys. J. C 77 (2017) 804
tt:  l+jets, differential 13 3.2 > TOPQ-2016-01 1 arXiv:1708.00727
> JHEP 11 (2017) 191
tt:  T+jets, inclusive 8 20 > TOPQ-2015-18 > arXiv:1702.08839
> Rev. D 95 (2017) 072003
tZ: trilepton, inclusive 13 36 > TOPQ-2016-14 > arXiv:1710.03659
tty:  l+jet, differential 8 20.2 > TOPQ-2015-21 > arXiv:1706.03046
>

JHEP 11 (2017) 086

Highlights of top quark cross-section measurements at ATLAS



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-12
http://arxiv.org/abs/1712.01602
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-05
http://arxiv.org/abs/1702.02859
https://link.springer.com/article/10.1140/epjc/s10052-017-5061-9
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-01
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-09
http://arxiv.org/abs/1801.02052
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-08
http://arxiv.org/abs/1712.06857
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-02
http://arxiv.org/abs/1709.09407
https://link.springer.com/article/10.1140/epjc/s10052-017-5349-9
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-01
http://arxiv.org/abs/1708.00727
https://link.springer.com/article/10.1007/JHEP11(2017)191
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-18
http://arxiv.org/abs/1702.08839
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.072003
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-14
http://arxiv.org/abs/1710.03659
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-21
http://arxiv.org/abs/1706.03046
https://link.springer.com/article/10.1007/JHEP11(2017)086

BACKUP
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tt — L+jets

Z to W conversion
> novel technique to model shape of W+jets contribution from data

> exploits similarity of production and decay of Z boson to W boson in V+jets events

Procedure

1. Select almost background-free Z+jets sample
> exactly two oppositely charged same-flavour leptons
> dilepton invariant mass is consistent with Z boson mass: 80 < my <102GeV
2. “Convert” events to have a W boson mother
> boost leptons to Z boson rest frame
> scale lepton momenta according to boson mass ratio: [7{( — r'nn—\’zv x ﬁf
> boost leptons back into lab-frame )
> randomly select one of the leptons to be dropped, recalculate E%“SS

3. Apply event selection requirements

T T
8 ATLAS Simulation (s=8Tev
o
. . . . . 2 0.2 —W-+Jets i
> Detailed studies are performed in simulation as s A ZtOW
well as validation region to ensure proper - MC stat. uncertainty
modelling S o4
g o
> Residual shape differences are accounted for as £
systematic uncertainties
.0
> Expected W+jets yield taken from simulation, £ O5F ‘ ‘
also used as pre-fit yield g O ———
T sk ! s
0 0.1 02 0.3
> arXiv:1712.06857 Aplanarity

Highlights of top quark cross-section measurements at ATLAS
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tt — all-hadrons

Reconstruction

> 2 Anti-kyr R=0.4 (“small-R”) jets with pt >25GeV and || <2.5

> both must be b-tagged using BDT-based tagger @ 70 % nominal efficiency
> no isolated electrons or muons with pr>25GeV and |5 <2.5
> 2 Anti-kr R=1.0 (“Large-R"”) jets with || <2.0

> jets are trimmed with Ry, =0.2 and feut =0.05
> jet mass within 50 GeV of top-quark mass

> transverse momentum: pt >500/350GeV
>
>

both large-R jets must have small-R jet within AR < 1.0 (“b-matched”’)
both large-R jets must be top-tagged

> cut on N-subjettiness 735 and jet mass

> cut value dynamic with pr to achieve flat 50 % efficiency

Fabian Wilk Highlights of top quark cross-section measurements at ATLAS



QCD Multijet Background Estimate

> ABCD method performed using pre-selected (data) events
> events are divided into 16 categories based on top-tagging and b-matching of both large-R jets
> Subtract signal and backgrounds estimated with MC simulation
> Estimate signal and control region distributions from ratios of distributions in background
regions, e.g.
0t0b 1t1b
Neowo 1 = Niab * Notob
Signal = NOLOb
0tob

where N}g is event count with tag X (Y) for leading (sub-leading) large-R jet
> measure correlations between tags using additional background regions

1t1b
Signal

Region

Control Regions

0t1lb

Control
Background Regions
Regions

—
(=3
S
o

Second-leading
large-R jet
&

0tob 1t0b 0tlb 1tlb
Leading large-R jet
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tt — all-hadrons

tt system
o T T
3 ATLAS * Data
= Vs =13 TeV, 36.1 fo* —— POWHEG+Py8 7
= o POWHEG+H7 q
o 10} Fiducial phase space MG5_aMC@NLO+Py8—|
.E Sherpa 2.2.1
- Stat. Unc.
o Stat. 0 Syst. Unc.
is|
&
=
cf 5E } =
5 . 15
Sz 1
glo
& 0.5
1 15 2 25 3
mli [TeV]

mass of top-quark pair

Prediction

1llo. Mo _/d
P
(=]

“
Ty
N

it

E ATLAS

[ Vs=13Tev,36.11"
Fiducial phase space

—— POWHEG+Py8

T
Data

POWHEG+H7

MG5_aMC@NLO+Py8

Sherpa 2.2.1

Stat. Unc.
Stat. O Syst. Unc.

Data
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> arXiv:1801.02052
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