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Introduction

* LHC is a top-quark factory. * Impressive performance of ATLAS experiment.
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Example of single top-quark candidate event.
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Single top-quark production.

* Top-quark properties. * Why (single) top-quark production is important?
. Heaviest particle in the SM. = Test of SM:

= Direct access to bare quark properties. - Can constrain PDFs.

) > Test CKM matrix unitarity.
= Top-quark decays almost exclusively to ,
t—Wh. - Test pQCD calculations.

= Probe BSM physics:
> Anomalous couplings with Wtb vertex.

t-channel tW-channel s-channel
q q

/

o(8 TeV) = 87.757gpb  o(8 TeV) =224+ 1.5pb (8 TeV) = 5.6 + 0.2pb
o(13 TeV) = 217. 0+ +pb (13 TeV) = 71.7+£3.8pb  0(13 TeV) = 10.3 & 0.4pb
17" April
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ATLAS measurements in this talk.
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https://arxiv.org/abs/1702.02859
https://arxiv.org/abs/1609.03920
https://arxiv.org/abs/1510.03752
https://arxiv.org/abs/1612.07231
https://arxiv.org/abs/1712.01602
https://arxiv.org/abs/1511.05980
https://www.sciencedirect.com/science/article/pii/S0370269318302120?via%3Dihub
https://arxiv.org/abs/1702.08309

s-channel @ 8TeV: total measurement.

« Signal signature (leptonic decay of W boson).
= lisolated lepton. q _ f
- E M from the neutrino.

= 2 high P, b-tagged jets. 7

* Main backgrounds:
» ttbar (dilepton veto to reduce it), W+jets.

g ATLAS o Daa
* Matrix Element method to separate tb signal G -8Tev,203 " o hannel
Signal region . Wt

from backgrounds.

o

1

j B ' e '
Y| e A ohrdg RN Ry
R .
0.0002 00018  0.058 0.102 0187 1
P(SIX)
« Combined likelihood fit to extract the cross section in signal and control regions.
O, (s—channel)=4.8 +0.8(stat.) 5 (syst. ) pb
observed (expected )significance:3.25(3.90)
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t-channel.

- Separate measurements of o(tq) and o(tq). U d

« Signal signature (leptonic decay of W boson).
= lisolated lepton. W
. E 155 from the neutrino W+
= High P, forward (spectator) jet. t

« High P b-tagged jet.
* Main backgrounds:

« ttbar, W+jets. 8 TeV/
- EMS  used to supress multijet 13 rfwev ---

contributions.

e Neural network to increase S/B ratio.

. - , b(loose) e
g 0.15-_;17;.';\8 Slmulatlon \s=8TeV__ (W+JetS)
~ 7T fa
% - --- ti,Wtth i y
q>_) 0.1 — Wtijets o i SR (1 )
P o i SR (I
© - R P
c -
S 0.05} L ] tba
: {0 _ (ttbar)
LL -

00 0.2 0:4 06 038 L
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t-channel @ 8 TeV: fiducial measurement.

» Fiducial phase space measurement.

- Reduces systematic uncertainties related » Fiducial phase space volume.

with MC generators. N 5
» Region defined by stables particles with Ofid = id
selection close to reconstructed objects. Nsel  Lint
* Main systematics:
* Neural network (NN): jet energy sc%le (2.5%) , NLO
= / input variables combined into the NN rme?:tgrkw“sr’ggu(cdrt'iéoré %ng%g;”

discriminant.

0., (tq) = 9.78 & 0.57 pb
6000 ATLAS 1s=8 TeV, 20.2 fo'' _
1+ SR S : Gﬂd(tq) = 5.77 4+ 0.45 pb

B iq

B i, Wt tb il

I Wttjets -
Z,VV+jets d _

= Mot ; ATLAS Vs=8 TeV, 20.2 fb”

///, Post-fit unc. -

4000

Events / 0.05

Measurement result
[T stat. @ syst. unc. [ stat. unc.

Predicted fiducial cross-section with CT10:
[ Iscale @ PDF unc.[@ PDF unc.

POWHEG-BOX+PYTHIAG
. POWHEG-BOX+PYTHIA8
i PoOwHEG-BOX+HERWIG

0
8o 1.2 ' ' ' ' " POWHEG-Box+HERWIG7
8 & 1 MG5_aMC@NLO+HerRwWIG
- 0-80 S0l B0 T 0l 0B 1 MG5_aMC@NLO:HeRWIG7
i ' : : [%3] POWHEG-BOX+PYTHIAG
OnN POWHEG-BOX+PYTH|A8
SHMG5 aMC@NLO+HERWIG7
. . 0o . it i
= Binned maximum-likelihood fit to the O N R T T

Gy (1) [Pb]
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t-channel @ 8 and 13 TeV: total measurement.

= Extrapolation to total phase space.

1
Otot = 7 " 0fd
Afid

« 8 TeV (20.2 fo—') and 13 TeV (3.2 fb~') follow similar strategy.

* Neural network (NN) to separate signal from background events.
= 10 input variables combined into the NN discriminant.

W ATLAS 1s=13 TeV, 3.2 fo! |
< 100001 . o5 o Data
§2) B tq
= it ZVt{tb
(0] B W +jets
= 3 Z,W+jets
L I B Multijet
5000 7/ Post-it unc.

« |V, | without assuming unitarity from the inclusive cross section o(tg+tq).

|fLV tb| — meas/GSM
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t-channel @ 8 TeV and @ 13 TeV: total measurement.

ATLAS
Total cross-section:

POWHEG-BOX+PYTHIAG
POWHEG-BOX+PYTHIA8

‘If POWHEG-Box+HERWIG

| POWHEG-BOX+HERWIG7
MG5_aMC@NLO+HERwWIG
MG5_aMC@NLO+HERwIGY

» POWHEG-BOX+PYTHIAG

8 POWHEG-BOX+PYTHIA8

#MG5_aMC@NLO+HerwIG7

Ys=8 TeV, 20.2 b’

—e— Data

NLO NPPs 205 (2010) 10
CPC 191 (2015) 74

- scale unc.

- scale @ PDF @ a unc.

— NLO+NNLL
PRD 83 (2011) 091503

- scale unc.

- scale @ PDF @ a unc.

— NNLO
PLB 736 (2014) 58

- scale unc.
- - scale @ PDF @ a unc.

&

50 55 60 65 70 Gy, (1) [pb]

T .

\‘b

ATLAS

Measurement result
[[stat. ® syst. [ Istat.

[ |scale ® PDF + a unc.
ABM (5 flav.)
ATLAS epWZ12
CT14
HERAPDF 2.0
JR14 (VF)
MMHT2014

NNPDF 3.0
I M I L

Predictions calculated in 5FS:

Vs=8 TeV, 20.2 fb’'

A TLAS

Measurement result

[Tstat. @ syst. stat.

ABM (5 flav.)
ATLAS epWZ12
CT14
HERAPDF 2.0
JR14 (VF)
MMHT2014
NNPDF 3.0

1.2 1.3 1.4

1.5

vs 13TeV 32fb1

R,
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t-channel @ 8 TeV: differential measurement.

* Differential measurement.
= Unfolded distributions at particle level.
- P(t).P.(jet) in two SR’s (top and antitop).
- ly(®)], |y(jet)| in two SR’s (top and antitop).
= Unfolded distributions ot parton level.

. P.(t) in two SR’s (top and antitop). % 1faras  issTev,202m" |

- |y(t)] in two SR’s (top and antitop). 2 o Gpatcesovel @ oee ]
* Neural network (NN) to separate signal from _E-E_ |
g10°

background events.
= / input variables combined into the NN discriminant.

= Binned maximum-likelihood fit to the O >0.8.

6000 aTLAS 1s=8 TeV,20.2 fb'

I SB ¢ Data————P» . - ]
I g 1 0 100 200 300
I it With 1
s p.(T) [GeV]
[ Z,VV +jets
Bl Multijet |
///, Postifit unc.

MC/Data

0.5F- - POWHEG BOKHERWIG - - MGS_aMC@NLO+HERWIG -

4000

Events / 0.05

2000}

* Main systematics: jet enegy scale,
modelling signal and ttbar.
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Wtb vertex using t-channel @ 8 TeV.

_ N(cost > 0)— N(cost < 0)
"~ N(cos8 > 0) + N(cos @ < 0)

* Probe Wtb vertex structure in the t-channel using Ars
angular asymmetries.
9 T _ g tio"g,
Lwip = —EW[VLPL + VRPR) (W, — Eb p—

(gLPL +grPRIIW, +hec. In the SM:
V.=V,
 Main bockgroundS' anomalous couplings = 0.
= ttbar, W+jets.

- E MSSused to supress multijet contributions.

1 LI I A B B L I I 7 % 111111111111111111111111111111111111111
5000 ATLAS ATLAS
fs=87TeV,20.210" ,_% 10000k f5=8TeV, 20210
Signal mgion Signal mqgion

10000F =3

Fi] Stat.+ Mulfei unc.

1 DB 06 04 02 0 02 04 06 08 1 1708 06 04 02 0 02 04 06 08 1
cosh, caaq"'
* Combined maximum likelihood fit over signal and control regions.

* Unfolding to parton level.

« A _Nand A_'have been used to set limits on anomalous couplings and compute top-quark
polarization:
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tW-channel.

Signal signature (leptonic decay of W boson).
= 2 isolated leptons (oppositely charged).
E M55 from the two neutrinos.

« High P b-tagged jet.

Main backgrounds:
= ttbar (interference ot NLO), Z+jets.
E MSSused to supress Z+jets contributions.

Boosted Decision Tree to separate ttbar from tW.

Binned maximum likelihood fit to extract the cross section.

® F |
2 C ' ' ' ' . £12000F R
€ 14000 ATLAS + Data = & | ATLAS : 4 Data2015 ]
= 1or2jets Wt - [ Z+jets
10000 BOthers 8000 Others
8000 %Uncertainty_f [
6000 —
4000
2000
5 1of E 12— Z Totlal syst. I % —
e leb 4 2 7 %, % a 1.2 %77  /;
o 77/ % % G 8 IE» »
s o08f : 5 08 77
0 1-jet 1-tag 2-jet 1-tag 2-jet 2-tag 1-jet 0-tag 2-jet O-tag S 1j1b I 2j1b l 2j2b 1j0b - 2j0b
Regions
-« >« > - pd— > Regions
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tW-channel @ 8TeV and 13 TeV: total measurement.

3 separate BDT’s trained to enhance S/B ratio.  « 2 separate BDT’s trained to enhance S/B ratio.

S f AraAs - T om0 F G ATLAS : " Data
s mp e &F e Efwew  oF 3
5 o0 I Others g by MOthers 3
w500 ) R : fiT] %Uncenalntyé
400 =
300 E
eoe = ATLAS e Data 2015
100 = s =13 TeV, 321" — .
g r———————ﬁ = I’_'—'—'—'—'—'ﬁ Zijets
P e ¥ e /////W///»’//////% : -roee
8 e OB2DT R(e:pons?a4 8 : BDT Response
g 12°°§§sT%%éIev, 20.3Ifb" | ;\?v?a | = - -
% 1000 [ et=-tag g : W Total unc.
o e % 1WM/%;W%VW?WW%W%/W%MW/)MIA‘/&’WIWWI/*//*/,/}//%
6% 80-8_.1...|...|.. PRPURS EEPE] UM ISP R S LY [N S L RS SO S |
:ZZ g O'BBDTEH'H);]' sp;n45e . BST (2j1b) respclhsse 2j2b yield
» ///// J
s 03 o BDT Response
O, (Wt)=23.0=1.3(stat.)": (syst.)=1.1(lumi.) pb 98 .
(16 %) O, (Wt)=94+10(stat.) 5, (syst.)=2(lumi.)pb
fLy V| =1.0120.10 (31%)
" 0%), i inal state radiation (9.5%) * Main systematics: jet energy scale
N o ° (21%), NLO matrix element (18%
and ttbar normalisation (6%).
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tW-channel @ 13 TeV: differential measurement.

« tW differential analysis using 36.1 fb~' of 2015+2016 data.

* Differential measurement.
= SR: 1jlo.

= Unfolded distributions at particle level.

- E(b) - top quark production. Sowlamas 4o D L [ T ]
= - {s=13 TeV,36.1 fo’ Taotal uncenainty £ ondl s =13Tev, 36.1 o' Total uncertainty _|
- m(Lb); m(Lb) — top quark decay. %ol W0 S g““““_ — — PomnegePythan OF) |
E C ] = C |
- E(llb), m(llvvb); m(llb) —» combined 8 oondf ; § : -
] - ] = o002 —
= - 5 | |
tW system. ooz i = | o,
— T T T F : I L Il 1 L I 'l L _ L
S 9000F ATLAS o - - - =
E 8000 "_s 13 TeV. 36.1 '[b1 E— Powheg+Pythiab (DR) ------ Powhe g+ Pythiab [DS}E é— Powheg+Pythiab (DR} ------ Powheg+Pythinb [DS}E
= 190, T . 15 3 . 15 =
Fow 1 - B B | g
53 F —— aMC@MNLO-Herwig++ - PowhegeHerwigs+ _ 2_— aMC@NLO+Herwig++ - Powheg-Harwig+= E
. 1.5_ — . 1.5~ =
BTl = » B |
'8- U 100 200 300 400 500 GOO 700 BOO 900 1DDD T00 200 300 400 500 GO0 700 BOU 900 ‘IC-H]]
i mis ¢ b)[GeV] myle £ wb) [GeV]
ﬁ [ | | | 1
0% 04 02 0 02 04 08
BDT response

* Main systematics: ttbar and Wt modelling.
> Big cancellation when normalizing with fiducial cross sectionl
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tZg measurement @ 13 TeV.

u >
-
* First measurement of tZq electroweak . AN z AN
process. 'S VAVAVAV
= Sensitive to tZ and WWZ coupling. i:I .
= Important background to tH and tZ FCNC fmrm-:--____g_____ |
production. . ) a
= Trilepton channel is used despite 2.2% BR.
« Main backgrounds: CW ESN
« ttbar, Z+jets. (B
g
= Neural network is used to enhace S/B. A
= 10 variables used as input )
- ), P10, M), .. soE| o md S
* Binned maximum likelihood fit to . T Dhesen
extract the cross section using the full T Craarany 3

NN discriminant distribution.

,,,,,,, o

. '//i//////%‘/// z
b7, 3

O theo (62 ) =8007 5 fb

ok
0 01 02 03 04 05 06 07 08 09 1
ONN
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Summary

ATLAS has studied comprehensively single top quark production ot 8 TeV.
Measurements are within uncertainties in agreement with theoretical predictions.
First measurements at 13 TeV are coming out using 2015 and 2015+2016 data.

New couplings can be accessed with 13 TeV luminosity (evidence for tZq|)
Analyses will profit from full Run Il dataset.

ATLAS Preliminary May 2017
Single top-quark production
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8 t-channel 4.59 fb™ PRD 90 (2014) 112006

8 t-channel 20.2 fb™" arxiv:1702.02859

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

§ Wt 2.05 fb" pLe 716 (2012) 142

T Wt 20.3 fb™" sHEP 01 (2016) 064

§ Wt 3.2 fb™ arxiv:1612.07231

v s-channel 95% CL limit 0.7 fbo™" ATLAS.CONF-2011-118
§ s-channel 20.3 fb™' pLB 756 (2016) 228
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Backup: Particle vs Parton level

* Particle level. * Parton level.

« Leptons and jets are reconstructed from » Before particles decay.
stable particles. « Measurement can be
- Lifetime > 3x10"s extrapolated to full phase space.
- Leptons : P> 25 GeV, || < 2.5. « Compare the results with

available theoretical predictions

- Jets: P> 30 GeV, |n| < 4.5. (not available at particle level).
> B-jets : P> 30 GeV, |n| < 2.5. R .

« Before they interact with the detector. s '

« Fiducial cuts on the objects similar to the
reconstructed ones is able to:

= Reduce modelling uncertainties.
= Reduce dependencies from the generators.

'l
000-030 030-070 0.70-130 130-220
Iy(Ivb)|

100, 150, ;
[y(vo)l

G, ﬂ-rs‘ojo«?a,ﬂ;*s.a%?n‘
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Backup: t-channel uncertainties @ 8 TeV

Source Acaa(tq) [ oraltq)  Aca(fq) | oalfq)
[%e] [e]

Data statistics + 1.7 +2.5 Source AR [R; [%]
Monte Carlo statistics + 1.0 + 1.4 Data statistics +3.0
Background normalisation <0.5 <05 Monte Carlo statistics + 1.8
Background mﬁde{llng + 1.0 + 1.6 Background modelling £ 0.7
Lepton reconstruction +2.1 +2.5 Jet reconstruction +0.5
St eergy sl i3 Y B modellng 08

1 tq (fg) NLO matching + 0.5
Flavour taggfng + 1.5 +1.8 tq (fq) scale variations + 0.7
ET"* modelling + 1.1 + 1.6 ff NLO matching £723
b/b tagging efficiency +0.9 +0.9 {F parton shower £ 1.7
PDF + 1.3 +2.2 PDF 0.7
tq (fg) NLO matching + 0.5 <05
tq (fq) parton shower + 1.1 + 0.8 Total systematic +3.9
tq (fg) scale variations + 2.0 + 1.7 Total (stat. + syst.) +5.0
ff NLO matching + 2.1 +4.3
tt parton shower + 0.8 +2.5
it scale variations < 0.5 < 0.5
Luminosity + 1.9 + 1.9
Total systematic +5.6 +7.3
Total (stat. + syst.) + 5.8 + 7.8
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Backup: t-channel uncertainties @ 13 TeV

Acritg) Acr(ig) AR,
Source -itq) [%] e [%] ra [%]
Data statistics +29 +41 = 5.0
Monte Carlo statistics + 28 +472 +5.1
Reconstruction efficiency and calibration uncertainties
Muon uncertainties + 0.8 + 09 + 1.0
Electron uncertainties =05 + 035 + 0.7
JES +34 41 + 1.2
Jet energy resolution +39 + 3.1 + 1.1
ET"™ modelling =09 =12 =05
b-tagging efficiency +7.0 + 69 <035
c-tagaing efficiency <035 + 0.5 + 0.6
Light-jet tagging efficiency <05 < 0.5 <05
Pile-up reweighting +1.5 +22 + 3.8
Monte Carlo generators
g parton shower generator + 130 +14.3 1.9
tg NLO matching + 2.1 + 0.7 + 2.8
tq radiation +37 +34 + 3.7
tF. Wi, th + b parton shower generator +32 +44 + 1.2
tf, Wt, th + b NLO matching + 4.4 + 86 + 4.6
tf, Wt, th + b radiation <05 + 11 =07
PDF = 0.6 =09 =05
Background normalisation
Multijet normalisation =03 + 20 + 1.8
Orther background normalisation =04 =05 =05
Luminosity + 2.1 + 21 <05
Total systematic uncertainty 175 + 200 + 102
Total uncertainty + 178 =204 =114
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Backup: t-channel neural network

0.15

3 0.2f : 5-8TeV ] o C : '  5-8Tev ]
8 TeV input VoriObles § ﬁré.gs Simulation /s =8TeV ] s i ﬁré.gs Simulation ) IQE BTeV 1
~ iq ] 2 S ]
% -~ g 01;__,_ - fLwLtb —_
@ — T, — W*sjets
Variable symbol ~ Definition g e 2 2 .
B ] S 0.0sF .
m(jb) The invariant mass of the untagged jet ( j) and the b-tagged jet (b). 5 ] 8 e g ]
[m()] The absolute value of the pseudorapidity of the untagged jet. 8 L] - I -]
m(lvb) The invariant mass of the reconstructed top quark. - 400 % i 2 3 4 _
mr(CET"™) The transverse mass of the lepton—E7"™* system, as defined in Eq. (2). m(jb) [GeV] (I
[An(Ev, b)| The absolute value of Arn between the reconstructed W boson and the b-tagged jet.
m(lh) The invariant mass of the charged lepton ({) and the b-tagged jet.
cos & (L, j) The cosine of the angle, #*, between the charged lepton and the untagged
jet in the rest frame of the reconstructed top quark.
13 TeV input variables
T ATLAS Simulgion (== 13TeV T " E=13Tev]
(0] I+5R —ig a —
- — @ 0.3 i web ] 5 i ib T
Variable Definition = Whp = W ages
0.2f _ _
m({vb) top-quark mass reconstructed from the charged lepton, 3 A 3 A
neutrino, and b-tagged jet E ok ] E | B
m( jb) invariant mass of the b-tagged and untagged jet 3 _ C _ H 3 Sm
miss - o = -
mT(i’ET ) transverse mass of the reconstructed W boson 100 200 300 400 500 400 600
. . g . miivb) [GeV] mijb) [GeV]
(70 modulus of the pseudorapidity of the untagged jet
m({b) invariant mass of the charged lepton ({) and the b-tagged jet
n(tv) rapidity of the reconstructed W boson

AR(fvb, j) AR of the reconstructed top quark and the untagged jet

cosB*({.j) cosine of the angle # between the charged lepton and the untagged jet
in the rest frame of the reconstructed top quark

Apr(tvb, j)  Apt of the reconstructed top quark and the untagged jet

AR(L, j) AR of the charged lepton and the untagged jet
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Backup: t-channel differential measurement @ 8 TeV.

Cross sections at parton level

Cross sections ot particle level
(only top shown).

(only top shown).

=] T T — T
= 1F ATLAS [5=8TeV, 202" 1 = L B A I I — T T T T T
& tq partice-level o Daia S 15| ATLAS ls=8Tev,2021" J > ATLAS {5=8 TeV, 202 fb"
o — PowsEeBox.PrTHeg - fq particie-level * Daa 1G] 1} tq partor-level ® Data ]
= 8 = T PowsEeBanPyTHus o — POWHEG BOX-PYTHIAG
<:- T 10F 7 &
8 F =
s sk ] %%I— 10 .
—2
0 1 L 10 lIIlIIlIIIll!II1
o o . 1] [ T
@ = = 1.5F e
o o s b
3] Q o |
= 0.5F- - POWHEG BOKHEAWIG - - MGS_aMC@NLO+HERWIG 0.5f- - POWHEG BOX-HERWIG - - MGS_sMC@NLO-+ HEAWIG - %
0 100 200 301 0 0.5 1 15 2 = 0.5F--n0o (MSTW2008) - NLO-NNLL B
T - r -
p(T) [GeV] Iy() sE —
w© 1
o 1
= T — T T T T =) UL B L BN BRI B %
% 1F aTLAS s=8TeV,20.2 o' = g|. ATLAS 5=8 Tev. 202 7" ] 0.5 - POWHEGBOXHERWIG - MGS_aMC@NLO-HERWIG 3
g g particle-level * Data N %"{; tq particle-level ® Data I 0 700 500 300
1 - CREYTH = — PowsHesBo.PyTH
2 1o h"'|_,_|_‘7 {1 %1& 4 . ] p,(1) [GeV]
{-—
% ‘;:h 2 E ED- LENLELE l L] LI} L] I LI L] I L} LI} I L
o 10°F 3 2| L 1 = ATLAS {5=8 TeV, 20.2 fo"
= - = tq parton-level ® Data
0 L L | ' 'E %‘ A0k — POWHEGBOK+PYTHIAE 4
© =
8 S 20 .
g g
Z 0.5k - POWHES BOXHERWIG - M5 sMC@NLO-HERWIG 3 0.5 - POWHES-BOX-HERWIG - - MGS_aMC@NLO-HERWIG
160 Ebu 300 0 1 2 3 A D||||||||||||||||||||-
p.(T) [GeV] ly(T)I g 15 3
[
<J SeS— i
S
Z D.5F--nLo MsTWR008) 4

MC/Data

05 - - POWHEG-BOK HEAWIG - - MG5_aMO@NLO-HERWIG -
0 0.5 1 1.5 2
[y(D)]
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Backup: tW-channel fit impact comparison on uncertainties

Ap
ﬂ.ﬁ -06 04 02 0 02 04 086
III_D|_1IIII?IIIIDI_1III II|III|III|III|III|III|III|II
ATLAS %
||'_ = 8 Tev, 20-3 fb—1 Parton Shower generator i//
ISR/FSR Wi ” i JES: flavour composition ' :
Jet energy resolution : ; — ;
ET™* scale
tt IFSR
JES modelling comp. 1
Luminosity Luminosity
DR/DS Wt ME generator
Electron identification JES: 1 intercal. mode!
Pileup :
PDF central value .
NLO matching method
JES: pileu ;
ISR/IFSR it pleupp 5 /
Normalisation tt briet efficiency scale fac. 0 '_%/'
1 1 ¥ s i
ATLAS =——@—— Post-fit parameters
(5=13Tev. 321" Pre-fit Impact on
—e- Pull (6-6,)/A0 Pull
- . L peatstimpac an
+1o pre-fit impact on n TS R FETEY FEET SR R
7 +1o post-fit impact on i 4 =2 -t 0o 1 2 3

(6 - 8/ A8
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Backup: tW-channel event selection and uncertainties @ 13 TeV.

Source Acow: [ow:[ %]

At least one jet with pt > 25GeV, || < 2.5 Jet energy scale 21

Exactly two leptons of opposite charge with pr > 20GeV, Jet cnergy resolution 8.6
miss

| < 2.5 for muons and |p| < 2.47 excluding 1.37 < || < 1.52 for electrons bETt 5‘;’& terms j;

-tagging i
At least one lepton with pt > 25 GeV, veto if third lepton with pt > 20 GeV Luminosity 73
At least one lepton matched to the trigger object Lepton efficiency, energy scale and resolution 1.3

E_rrniss > 50 GeV. if mee < 80GeV NLO matrix element generator 18

Different flavour ) : ot
E™s > 20GeV. if my; > 80GeV Parrtron shower and ha:‘drcrmlsatlon 7.1
Initial-/final-state radiation 64
EXSs > 40 GeV, always Diagram removal/subtraction 53
veto, if mee < 40 GeV Parton_ distribution function 2.7
) ) Non-t background normalisation 3.7
Same flavour 4ET > Smyy, if 40 GeV < myp < 81 GeV
veto, if 81 GeV < myy < 101 GeV Total systrerTlatlc uncertainty 30
) Data statistics 10
2myy + ;E'.'l.“‘ss = 300 GeV, if mee = 101 GeV
Total uncertainty 31
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Backup: tW-channel BDT discriminating power @ 13 TeV.

1{m T T T T .1 Tr7r T 1.1 =
E E "ATLas' ! ! "7y batazols 1j1b
Wit . _
© gogf- 1= 13 TeV, 321" ~ (5=13TeV, 32" =ﬁ Variable 51072
® 2 tith Z:jets - _
5 5 Others pr (GOET 1) 5.3
N . ﬂ‘-;l!l'ﬂflf;zs-':'m“‘S 1) 2.9
¥ Er 2.7
Apr(fy by, EMS) 1.2
P EMIS i) 0.9
E E Cif6) 0.9
E E Apr(y, EIss) 0.8
o 0 ] (= P EPEPEPE EPRPEPE EPRPETE EPRPEPE PP L L.
"0 10 20 30 40 50 60 70 80 90 100 60 40 -20 0 20 40 60 BDT discriminant 8.6
P?EU AET *'J',J [GeV] Ap(lil . EF““J',J [GeV]
2ilb
Variable s[107?]
3 23000 o
S T ek ] o aras S Ddazots o 17
] ] - Wt AR(L by, EMISS | o) 17
P L2500F (s-13Tev. 32" =ﬁ R
— = ; ) AR(E 5, fri2) 15
- o 1o Z+jets :
= {2000 mlijp) 14
z Apy(ty by, EFISS) 14
Aprlfy. j1) 14
m({yj1) 1.3
prify) 1.3
(PN EDSS jy) 12
AR(EyL ) 12
I3 3 1§ rr(ia) | 09
i a 12 o (pf WO GLEP 1 j2) 09
rEE .-EE g i m({2j1f2) 03
ﬂ ﬂ .6 L1 a1 I L I L1 1 | L1 1 | L4 | [ B m[fzjl} (]3
100 120 140 1.5 2 2.5 ] 3.5 4 4.5 ,
) m({aj2) 0.1
p?“{;:;zj [GeV] ﬁR{,’,z’ |:_|"_"33j Jj:-:] BDT discriminant 109
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Backup: tW-channel differential measurement @13 TeV.

— T T T T T T T T T = T T T T T T T T T 7> L i ' ' ! ! ' ' 4 7:: L ' ' ' ' ' i
E"“"BI_‘ATLAS + Det ] 2 L ATLAS # Daa i = L ATLAS L4 o e . = | ATLAS ot e i
S | (s-13Tev.36.11b" I Tomlunerany £ oosl Vs =13TeV, 36.1 o' " Total ncenainy _| = [ fs-mTev.s61M F‘;m‘;’;yh';; on | = oopl T PTEV.BA o Pﬁ:; o
C " ] ] ! 3 — i 004 _ . ]
g 00061 —— Powheg-Pythist (OR) ] g —— Powheg+Pythiat (DR} | < ool N g ]
£ 1= ] s 1 ]
s I 1 E | 3 1 s |
= 0.004— — =2 5 i 5
gt 1 3 - z < —
= - ] 5 0.005) . _
0.002— — = i E 4
- : - - - - T
L ry . ——— . L L
2F 2= =
______ Powheg-Pythisé (DS) 2 powheg-Pythizt [DR) - Powhag+Pythia6 (DS] J E —— Powhag+Pythiaf (DR) - Powhag+Pythiat (DS) F—— Powheg+Pytisf (DR) - Powheg+Pythia6 (DS) 3
) 15 3 ) 1.5 = 1.5 - | 1.5 —
B . ] R S ERIS - B e W ]
[ 1 = alo 1 - [ = E [= E
] . E E E | =
05 E 0.5 — A 0.5E = 0.5 =
2| 3 2| 3 2| =3 2F ]
- Powheg+Herwigs+ —— aMC@NLO+Herwig++ - PowhegeHerwigss ——— aMC@NLO+Hemwig++ - PowhagsHerwig++ E E —— aMC@NLO+Herwigs+ - Powhaeg+Herwig++ E
15 3 15 E E 15— E
e 1 B : 1 FE ——|_1—| E
o 1 — s alo = = LR = ._l ]
05 usE Sl - 0.5k e
i A — s = s bt PN S T— e e = L e ——— =
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mife b)[GeV] myle ¢ v [GeV] mir,b) [GeV] El¢7 b)[GeV]

E " ATLAS ¢ Dam 1 z L ATLAS & Dats g
G 00 e 13Tev,.36.1 10" Total uncertainty £ 001 {5 -13TeV, 36.1 i Total uncertainty
g B —— Pawheg+Pythiat (DR} | = = —— Powheg+Pythia (DR)
o - )
= E B
[~] - = L
2 | B
-Q. % -
= 0.003 7 2 0005~
. J
I 1 1 1 [ 1 1 I 1 1 1
2 -+~ PowhegsPythiat (DS) Pawheg+Pythiat (DS) 3
. 15 = _ =
# " . B S
0.5 = 4
2 E 2 =
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EE E E|‘5 g
£ 1 r 5 [} 1 T f I E
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ATLAS (s =8TeV,20.3fb"

Measured fiducial Wi+tt cross-section
| Total uncertainty
Stat. uncertainty

Predicted fiducial cross-sections:

PowHEG-Box+PyTHIA DR CT10
o™ at NLO+NNLL, ¢* at NNLO+NMLL

PowHEG-Box+PyTHIA DR CT10
o™ and o' at NLO

POWHEG-BoX+PYTHIA DS CT10
o™ and o' at NLO

PoOwWHEG-Box+HERwIG DRCTIOH—*—
o and o atNLO

MC@NLO+HERwWIG DR CT10
" and o' at NLO

MC@NLO+HeErRwIG DR MSTW2008
" and o' at NLO

MC@NLO+HeERwWIG DR NNPDF 2.3
o™ and o' at NLO
o b b v by g by

DIS 2018. Kobe
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Cross-section [pb]
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Backup: tW-channel fiducial measurement @ 8 TeV.

Uncertainty Impact on fig [ %]
Statistical 1.0
Luminosity 3.1
Theory modelling
ISR/FSR 42
Hadronisation 0.8
NLO matching method 0.7
PDF <0.1
Ratio Wi/ttt 22
DR/DS 0.1
Detector
Jet 52
Lepton 2.3
EMis 0.2
b-tag 2.3
Background norm. <0.1
Total 8.2
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Backup: Polarization definitions and results.

72 — -
. ) Asymmetry Angular observable  Polarisation observable  SM prediction
Top spin W momentum
b 5p : Al cos By lﬂ'fP 0.45
along in t rest frame FB 2 '
spectator ] Al cos By cos 6} 2P (Fg + Fp) 0.10

quark e, Aps cos 67 3(S3) = 3 (Fr - Fu) ~0.23
?Oer;}e?;;rgrle H \ [\ & Agc cos 07 2 \é (To) = 2 (1 -3Fy) ~0.20
6]
N (~9) - . Lepton Ay cos 6! 2Sy) 0.34
----.i._mmomentum in A cos Y —3(S5) 0
. ~.+ Wrtest-frame ALY cos B cos ¢ ~2(ay) ~0.14
T () fm Ag;'f cos ff; cos ¢y, %(Az} 0
L] I T T T I T T T I 1] LI ) I L] L] T T T T T T ] l LI I T ! ! ! I B ! ! I ! B ! I : ! k I ! N ! I !
ATLAS ATLAS
_ -1
(s=8TeV, 202" Vs=8TeV,20.21b e Al
—H <S> -l Azs
—— <Ty» —— Arg
By <8 o Age
o <Sp . Al
o <Ay> —— AL
# SM prediction e <Ap o4 + SM prediction ale
— Stat. uncertainty — Stat. uncertainty FT“
— Total uncertainty ——— — Total uncertainty Az
M PR SR EPEFEE P B B B P S [ TN NN T AN TR TN N NN TN TN T NN W SN S N
06 04 02 0 02 04 06 08 04 02 0 0.2 0.4 0.6
W-boson spin observable Angular asymmetry
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Backup: Polarization event selection and uncertainties @ 8 TeV.

* Preselection cuts.

« Exactly one lepton.

« Exactly two jets, one being tagged (2j1b).

Uncertainties
« MET > 30 GeV.
Uncertainty source AAL, x 107 i N 2
. MT(W) > 50 Gev y FB Uncertainty source AAp x 107
Statistical uncertainty +2.6 Statistical uncertainty +2.2
4 : : . . . . . . : o Simulation statistics +1.7 Simulation statistics +1.3
o ATLAS & =BTeM, 202 & ot Luminosity <0.1 Luminosity <0.1
2 g a2 ] £ Background normalisation =0.5 Background normalisation +0.4
S [ i . . .
ai my L% ET" reconstruction e EM reconstruction o
[ Y . ’
v zaess i Lepton reconstruction e Lepton reconstruction 01
[ . - —0.2
F7F] Sta sMultjet unc. Jet reconstruction +2.1 Jet reconstruction +0.8
Jet energy scale J_'H Jet energy scale ﬁ:g
Jet flavour tagging +0.9 Jet flavour tagging +0.2
PDF +0.2 PDF +0.1
4[@ 12 2 tf generator +23 IT generator +0.2
AL o4 ¥ 8 tF parton shower +0.6 (T parton shower +l.5
0 05 1 15 2 25 3 35 4 45 0 1 2 3 4 5 & T scales +0.2 tT scales +0.3
mii Ani.b) Wi, s-channel generator +1.0 Wt, s-channel generator +0.2
. I (.)l S 2 o |A ( b)l > -I 5 Wt, s-channel scales +0.9 Wt, s-channel scales +0.6
n J r] J’ ‘ t-channel NLO generator +1.4 t-channel NLO generator +0.3
t-channel LO-NLO generator 1.5 t-channel LO-NLO generator +0.5
t-channel parton shower +0.5 t-channel parton shower +0.7
t-channel scales +1.1 t-channel scales +0.9
= 20000F T T T T T T T = = 20000 F T T T T T . - )
& ATLAS 5 =8TeV, 202 &' & ATLAS V5=8TeV, 202 &' Wjets. multijet modelling J_ré:i W +tjets, multijet modelling +07
[=) ® Data2012 [Ts] ® Data 2012 06
— [ ] b [ . : +5.4 B .
- 15000} | 15000 — P B Total systematic uncertainty 54 Total systematic uncertainty tg_g
£ —H £ —H EX
@ = Wapts o = Wi
¥V .Z4els WV Zijois
& 10000f -uu||;'| ] u 10000 F -uulp“‘ 7
] st MUt une [ st MUl une.
5000 5000k

* Main systemaitics: ttbar modelling, jet
calibration, MC statistics.

0

12f - 12 )
EE 0,41! T % L ey .é ;E o = """""I’l"’rﬂﬂw‘@. s o
50 100 150 200 250 300 350 400 450 100 200 300 400 500 600

miivb) [GeV] H{1.J.E]"™) [GeV]

* 130GeV < m(lvb) < 200 GeV
DIS 2018. Kobe

« H, >200 GeV
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Backup: s-channel total measurement @ 8 TeV.

* Lepton charge distribution in control region used to better constraint W+jets from other

backgrounds.
ATLAS
-1
E:_aTev_,zn.am p 10 | .
Weiets region T i Data - background ATLAS ]
i " [ schamen Vs =8 TeV. 203 b )
100/ 7 post.am bag. uncertainty Signal region -

el =
= -
N £

B 102 ]

§ B 2
= 0.98 0.0002 ©0.0018 0058 0102 0187 1
-1 ' +1 P(S]X)

Lepton Chamge

* Main systematics:
- MC statistics (12%).
- jet enegy resolution g]Q%) :
- t-channel modelling (11%).
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tZg @ 13 TeV: event selection and main uncertainties.

EVENT SELECTION: : i

Common selections

exactly 3 leptons with || < 2.5 and pp > 15GeV

pr(€)) > 28GeV, pr(6y) > 25GeV, pr(ls) > 15 GeV —
prjet) > 30 GeV y
myp(fy.v) > 20GeV .
SR Diboson VR / CR ff VR tf CR 2, ,
tl Z
> | OSSF Pair > | OSSF Pair > | OSSF Pair > | OSOF Pair < Y
[mgp —mz| < 10GeV lmgr —mz| < 10GeV lmgp —mz| > 10 GeV — P b,‘ .- 1
=2 jets. 7] < 4.5 = ljet. || < 4.5 —2jets. ] <45 =2jets. ] <45 P0000R00I0
=1 b-jet, ] <2.5 — =1bjet. Il <25  =1bjet, || < 2.5 b

— VR/CR: m(fy.v) > 20/60 GeV — —

UNCERTAINTIES:
Source Uncertainty [F]
tZg radiation +10.8
Jets +4.6
Luminosity +3.2
b-tagging +2.9
MC statistics +2.8
Leptons +2.1
tZq PDF +1.2
Er +0.3
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