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Top quark physics at hadron colliders
* test Standard Model
* search for new resonances or interactions 0
* important background to new physics searches t>c>u bs>d e v's
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Weak decay 0-0-0
» governed by CKM matrix, BF(t-Wb) ~ 1 ‘// l
* no FCNC transitions at tree level
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Weak decay
» governed by CKM matrix, BF(t—+Wb) ~ 1
* no FCNC transitions at tree level

* W - fv, ThadV Or qq

| ttfinal states

* Dilepton: 2b, 2¢, 2v

* Lepton+jets: 2b, 2q, 1¢, 1v
tau plus jets * All hadronic: 2b, 44
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Weak decay 0-6-0

» governed by CKM matrix, BF(t—+Wb) ~ 1 / l

* no FCNC transitions at tree level 0 e 0

“resolved” ; “boosted”
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all hadronic
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e Inclusive tt production cross section o
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S | measurements at 3 collision energies
] ]
o stringent tests of QCD with heavy quarks
o (] ] | h ]
* can be sensitive to potential new physics
] o o ]
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Split selection in 3 signal regions o T
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* sensitive to additional radiation

Analysis
* W+jets background shape modelled using Z+jets in data
* multi-jet from data, including normalisation
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e tt differential cross section
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Motivation

* detailed test of pQCD, constrain PDF and MC parameters

General analysis strategy
» tight event selection - pure tt sample
» tt / top quark kinematic reconstruction
* background subtraction
* corrections: acceptance, resolution —» unfolding
1doi 1 unfold(s’ — b¥)
o AN [ Ldt

ocdX o
* X = pr, n of top-quark; pr, n, mi of top-quark pairs, ...
e compare to theory predictions at particle of parton level

Particle level '

VV

Top quark proxy -
reconstructed from
decay products after hadronisation

Parton level

Top quark e
after radiation, but before decay
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Motivation
» detailed test of pQCD, constrain PDF and MC parameters Particle level '

General analysis strategy
» tight event selection - pure tt sample

» tt / top quark kinematic reconstruction Top quark proxy “’ ==
k o reconstructed from
* bac ground subtraction decay products after hadronisation

* corrections: acceptance, resolution —» unfolding
1 doi 1 unfold(sX — b))

cdX o Ar - [ Ldt
* X = pr, n of top-quark; pr, n, mi of top-quark pairs, ...

e compare to theory predictions at particle of parton level

Parton level

Top quark e
after radiation, but before decay

Results at 7, 8 and 13 TeV

EPJ C73 (13) 2261, PR D90 (14) 072004, JHEP 06 (15) 100 [7 TeV] — EPJ C76 (16) 538, PR D93 (16) 032009 [8 TeV] — EPJ C77 (17) 292, ATLAS-CONF-2017-044, 1708.00727 [13 TeV]
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e +jets differential 13TeV 3.2 fb™ W

Analysis Findings
* Resolved and boosted regime » generally modelling ok

* full phase space parton or particle level
o avoids model-dependent extrapolations

o absolute and relative distributions
* top and tt system

1708.00727
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efc tt (+jets differential 13TeV 3.2 fb~

Analysis Findings
* Resolved and boosted regime » generally modelling ok

* full phase space parton or particle level * pr(top) not well described
o avoids model-dependent extrapolations o Powheg+Herwig7 best description

* absolute and relative distributions * y(tt) not well described
* top and tt system o sensitive to different PDFs
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pr(top) not well described
* already observed at 7 and 8 TeV, ATLAS and CMS
* ewk corrections and foremost full NNLO calculations needed for data/MC agreement
* observe in +jets, dilepton and all hadronic channels also at 13 TeV

? 1708.00727, EPJC 77 (2017) 299, ATLAS-CONF-2016-100
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e tt ey differential: lepton observables v
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Single-top aquarks via weak interaction
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e t-channel at 8 TeV: fiducial .
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¢ t-channel at 8 TeV: total cross section v
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efc t-channel at 8 TeV: differential cross section
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Unfolded distributions

* parton level » good agreement with NLO predictions

o pr(t), ly(t)| for t/t * main sources of systematics
o similar to fiducial measurement

* particle level
° pr(t), [y(t)], pr(j), ly(j)| for t/t

EPJ C77 (2017) 531
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Single top - Wt channel

L

Dilepton selection with 1 b-tag

* main background tt

* fit to BDT discriminants in signal and background regions

MSTW2008,,, ,
scale uncertainty

ATLAS, L =203 fo!

ATLAS+CMS Preliminary
Data 2012, /s =8 TeV, m = 172.5 GeV

NLO+NNLL (PRD82 (2010) 054018)

scale ® PDF uncertainty

LHCtopWG May 2016

total stat

oy x(stat) =(syst) =(lumi)
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arXiv:1510.03752
CMS, L =12.2fb"
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PRL 112 (2014) 231802
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Predicted fiducial cross-sections:
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o™ and o't at NLO
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efc Single top - Wt channel W ﬂ

Dilepton selection with 1 b-tag

* main background tt
o fit to BDT dlscrlmmants in signal and background regions

U)900 L L | L D | ! ! ! | | 1 _120004(2
$800E ATLAS _E_ : —e— Data 2015 ] c
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&I!ﬂﬁm | M. Cristinziani | Top quark production | PANIC 2017 | 4t | 01-Sep—2017 | 16/22



r UNIVERSITAT

~ec Single top - s-channel
Motivation

* SM process not yet seen, other
resonances may decay to tb

Strategy
* 2j2b (SR), 2j1b (t-channel, W+jets)
* matrix-element method employed
o comblned ML flt to SR and CR

% 1500
ATLAS Data .._.
G>) |:| nnnnnnnnn ] - e Data ATLAS
- \s=8TeV,20.3fb" g t-channel 15000—: nnnnnnnnn L
Sianal region I Wt 7] - [ t-channel Vs =8TeV, 20.3fb
’ ’ — — W-jets region
1000 Wt
| [ W+
[ Z+
10000 B Mult
"~ 7] Pos
500
5000

0
0

3 14k .

First evidence at LHC

_ +1.6 ( )
=4.8 + 0.8(stat.) " 5(syst.) pb
» 150 | | | |
qc, | e Data- background ATLAS B
D [ [ schanne (s=8TeV,203 " -
100 __ Post-fit bkg. uncertainty Signal region __
50/
0=t
_. 7 ®
_50L | | | |
0.0002 0.0018 0.058 0.102 0.187 1

P(SIX)
» expected significance 3.90
» observed significance 3.20

Main systematics

e

10%%%%%%%%%%%%%%%% L : : :
8 83002 00018 0058 0102 0187 1 g 098//%/ %/ . let energy reSOIUtIOn’ mOdEIIIng’
oo b-taggin
* lepton charge discriminates W+]ets &5INs
PLB 756 (2016) 228
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¢c Summary single top production

» good agreement with NLO calculations
* from Omeas. [Otheo. = |fv: Vin|*> = can extract |Vi| with 5% uncertainty

—
-
N

Single top-quark cross-section [pb]

ATLAS Preliminary
Single top-quark production ~
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| | | | | | | |
May 2017
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-
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MSTW2008 NNLO PDF
— NLO atm, =172.5 GeV
MSTW2008 NLO PDF

s-channel

® t-channel 4.59 fb™' PRD 90 (2014) 112006

Q t-channel 20.2 fb™" arxiv:1702.02859

I t-channel 3.2 fb™ JHEP 04 (2017) 086

¥ Wt 2.05fb" pLB 716 (2012) 142

0 Wt 20.3 fb™ yHEP 01 (2016) 064

% Wt 3.2 b arxiv:1612.07231

v s-channel 95% CL limit 0.7 fb™ ATLAS-CONF-2011-118
§ s-channel 20.3 fb™ pLB 756 (2016) 228

ATL

EXPERIMENT

13
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ATLAS+CMS Preliminary LHCIOpWG

Omeas . .
If Vol = \| 5 from single top quark production
theo

Oiheo- NLO+NNLL MSTW2008nnlo
PRD 83 (2011) 091503, PRD 82 (2010) 054018,
PRD 81 (2010) 054028

Aatheo: scale @ PDF
Myop = 172.5 GeV

t-channel:
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PRD 90 (2014) 112006 (4.59 fb™")
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arXiv:1702.02859 (20.2fb™")
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ATLAS 13 TeV* 1 |
arXiv:1612.07231 (3.2fb™")

s-channel:

ATLAS 8 TeV® o S
PLB 756 (2016) 228 (20.3 fb™") :

1 including top-quark mass uncertainty
? o, : NLO PDF4LHC11

theo"

NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty

0.93

May 2017

1

total theo

If V! £ (Mmeas) = (theo)

1.02 + 0.06 = 0.02

1.028 + 0.042 + 0.024

1.07 £ 0.09 = 0.02

1.03 012 £0.03

1.01+0.10 £ 0.03

1.14 = 0.24 = 0.04

+0.18
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Wtb vertex: triple differential decay rate _(

-4

Normalised triple-differential (9,9%,¢") decay rate of top quarks
» complete description of anomalous couplings in Wtb + top polarisation
* relate to helicity amplitudes in t-Wb

o ate T Themm L [ T
o qof 15=8Tev,202 fb’ eSM ] 0.061 (5= TeV, 20.2 b Low
1 d3N 11 21 k1 \/7 - - . ) -0.1 gg:zgt Z.zz; ngﬁgt
N d(COS H)dQ* - kza ZZO‘ Zlk ak,l,m 27TYk (9’ O)Yl (6 ’ ¢ ) 0.08 o; o
T Me” 0008 E ~0.02- E
- - § C
— 0.04F E 0oal
9 d.,» = 0, parameterised by s
N ______ /e . -

i %1Illllll111llllllllllllllLlLl_llJJ_ﬂ\\‘\\\\‘\\\\I\\7
0 0.020.04 0.06 0.08 0.1 0.120.14 0.16 0.18 0.2 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
£ f

* 3 amplitude fractions f,, f:*,fo"
2 phases §-: can imply CP violation, 8. not observable = . ... =" 0 0w E

0.4F oL

N

Im[g

@ a nUisance parame.ter :zgg 95%CL§ 0.0-5 95% CL

0.155 = ~0.05F-

Strategy and results
o global fit with all correlations e
o extraction of limits on anomalous couplings

* no assumptions on values of the other couplings

1707.05393
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Witb vertex: triple differential decay rate e
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Normalised trlple dlfferentlal (9 9 P ) decay rate of top quarks

g 0.3 | _
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* no assumptions on values of the other couplings
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e Associated single top production: tZq

Motivation
» electroweak process, not yet observed (800 fb)
* sensitive to tZ and WWZ coupling
* first step on the way to measure tH ;

Y

Analysis outline

* SR: 3 leptons (mn~ mz), 1 central b-tag +1jet % jz
* 10 variables used as input to NN to enhance S/B I,

* background under control with validation regions 20 EiTE

ATLAS Preliminary E)Zac’;a B
Vs = 13 TeV, 361fb -ﬁ+tW _
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erc tZq results <
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Channel Number of events

DOmlnant SyStematlc Uncertalnty Asimov dataset Real data
* tZg radiation: hard scatter and parton - - .
shower scales 7 + jets 37+ 11 34411
. Diboson b3 t13 48 + 12
Fit Setup ttV 4+ ttH +tWZ 20+ 3 19 +
° ° ) ° [ ° T t 1 163 X4 12 143 X4 ].]_
* binned ML fit to full NN distribution in SR e
» tt and diboson normalisation from CRs S T amas peimnay |« Daw
. . . S7E | Vs=13Tev,36.1fb" tZq -
» Z+jets data-assisted MC correction s EL R E
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30 ~ Uncertainty — —

Results
® Otzg= 600 * 170stat * 140syst b
» expected significance 5.40
» observed significance 4.20
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ec Symmary W

Millions of top-quarks produced at LHC

» comprehensive program at ATLAS to measure tt and single top production

Top-quark pairs
* inclusive cross-section compared to NNLO calculations
o differential cross-section helps MC tuning, to extract gluon PDF, ...

Single top
* all three channels now seen
* t-channel differential distribution allows also to probe Wtb structure
* first evidence of tZg process shown
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