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Single top quark production

e Single top quark production:
discovered at Tevatron (2009),
observed at LHC (2011)

e Charged-current EW processes

o WWitb vertex:

e access to CKM element |V |
e vertex structure is sensitive to
BSM physics

e Can constrain PDF's

e Tune MC generators (unfolded
distributions)

Theory cross-sections shown
Kidonakis (2011); Kidonakis (2010);
Campbell et al. (2009); Kidonakis (2015)
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Channels and measurements covered here

e ATLAS has a comprehensive single top physics program

e Recent 8 TeV and 13 TeV cross-section results for t-channel and tW covered here

Vs s-channel t-channel tW anomalous coupling
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t-channel production
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SR = signal region, VR = walidation

e Exchange of W boson in the ¢-channel
e 2012 dataset: 20.2fb™" at 8 TeV

e Fiducial and total cross-sections
e Differential cross-sections

e 2015 dataset: 3.2fb~! at 13 TeV

e Total cross-section

Largest cross-section of single top for pp
e Signature of the leptonic final state:

e 1 isolated lepton

° E%“SS from the neutrino

e 1 high-pr forward jet (q)

e 1 high-pr b-tagged jet

tq and tq are measured separately

Main backgrounds: tf, W + jets, multijet

. . . + — .
e Neural network to enhance signal extraction Sl RS U X Gy



t-channel production at 8 TeV (20.2fb~!) : fiducial arXiv:1702.02859
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t-channel production at 8 TeV (20.2fb~!) : fiducial arXiv:1702.02859
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[ stat. 00 syst. unc. [ |stat. unc.
Predicted fiducial cross-section with CT10: ﬂ
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t-channel production at 8 TeV (20.2fb~1!) :

e Extrapolated into full phase space:

1 Nto .
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e |Vi| without unitarity assumption:

|fiv - Vi|” = Omeasured
OsM
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Rt = otq/ogy = 1.73 £ 0.05 (stat.) = 0.07 (syst.) pb
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arXiv:1702.02859

Vs=8 TeV, 20.2 fb*

ATLAS

Measurement result
[[stat. O syst. [ |stat.
Predictions calculated in 5FS:
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t-channel production at 8 TeV differential

—
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e Cut placed on Oxn > 0.8 pr(t) »pr(G) pr()
e Unfolded: parton level, particle level (objects defined in
terms of stable particles in the detector e.g. pseudotop f) |y(f)| wG) |y

e Leading systematics:

e jet energy scale

e modelling of signal and " Separate NN used for j without |n;|
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t-channel production at 8 TeV (20.2fb~!) : differential

arXiv:1702.02859
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t-channel production at 13 TeV (3.2fb~1) JHEP04(2017)086

e Similar strategy to 8 TeV measurement i = WS ) {(faiho) <o A7 eyl 4o & {(lmmil ol (L4 %)
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T T T T T T T
ATLAS V5=13 TeV, 3.2 fo* Ry =1.72 £0.09 (stat.) & 0.18 (syst.)
Measurement result fLV . |‘/tb| = 107 :l: 0.09
[1stat. O syst. stat.
ABM (5 flav.) (gl
ATLAS epwz12 - T T T T
: ATLAS (s=13 TeV, 3.2 fb™ |

cne ¥ S 10000 I+ SR ¢ Data
HERAPDF 2.0 %) Etq
JR14 (VF) c (] tf,\ivt th

() ERW " +ets
MMHT2014 Lﬁ 0 Z VWV Hets

Multij

NNPDF 3.0 5000 % Pousttlfzz unc.

12 13 1.4 15 16 17 18 19

e Leading systematics:

e parton showering (14 %)
o b-tagging efficiency (7 %)

Data
Pred.

e Systematics are expected to reduce with

more data and improved predictions
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t-channel production at 13 TeV (3.2fb~1) JHEP04(2017)0
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tW associated production




tW associated production

Signature of the dilepton final state:

e 2 oppositely-charged, isolated leptons
° Eﬁl‘iss from the 2 neutrinos
e 1 high-pr b-tagged jet

Main background: ¢t (interference at NLO)
Boosted decision tree to separate tW from tt

Profile likelihood fit over 2xSR and CR

0j 1 2j

0b

=
o

&
o

|
I
|
|
|
SR = signal, VR = walidation, CR = control

e 2012 dataset: 20.3fb~! at 8 TeV

e Total oy cross-section
e Fiducial oy 447

e 2015 dataset: 3.2fb~! at 13 TeV

e Total oy cross-section
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tW associated production

T T T T 3
ATLAS ¢ Data 2015

(s=13TeV, 3.2 fb? [ wt
.t
Z+jets
Others ]

e Signature of the dilepton final state:

-
e 2 oppositely-charged, isolated leptons g 772 Total syst.
o EXMss from the 2 neutrinos %
1 high- b-t d jet a A

¢ & hugh-pr b-tagged Je b 216 226 1job  20b

e Main background: ¢t (interference at NLO)
o B SR CR VR

e Boosted decision tree to separate tW from tt
e Profile likelihood fit over 2xSR and CR EFSRIGIAGER @07 &b 19mY)
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tW associated production at 8 TeV (20.3fb~1) JHEP01(2016)064

e Separate BDTs trained for the
three fit regions

ATLAS + Data
Vs=8Tev, 20310 wt )
B + 2j2b (CR tt)

% Uncertainty

Events / 0.05

e Most significant BDT inputs:
(] pf?ls(@1€2E%ﬂssj1) and
o m(l1j2) +1j1b

U Y 1 2j1b
o p°(j172) ’

2
em Response

Data/Pred.

respectively (details) g A Toua g A e Yo
2 1-et 1-tag mi 2 2etiag |, mi
] MOthers g + M Others
e Leading systematics: e LAY 77 Uneertany 2 i 77 Uncerainty
e tt normalisation
e jet reconstruction
e initial/final state radiation
- s 12
.. . £ % g % & 1% Gdidi %
e Statistical uncertainty: ~ 6 % g o %/%0/; 01///0 — 02/ o{/m 5 o8 {/2/ Eae 0{//{2//{
e BDT Response e BDT Response
py": magnitude of the vectorial pr sum

o = 23.0 £ 1.3 (stat.) 752 (syst.) £ 1.1 (lumi.) pb (17 %)
|Vip| = 1.01 4 0.10
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associated production at 8 TeV (20.3fb~!) : fiducial

e Fiducial final state also treats tf as signal

Defined at particle level in terms of stable
particles

Only 1j1b region used in fiducial fit
e Can be compared to WWb and WWbb at NLO

[atwﬂg = 0.85 + 0.01 (stat.) 7595 (syst.) + 0.03 (lumi.) pb]

ATLAS {s=8TeV, 20.3 fb*

Measured fiducial Wt+tt cross-section
[ Total uncertainty

Stat. uncertainty
Predicted fiducial cross-sections:
POWHEG-BOX+PYTHIA DR CT10
6" at NLO+NNLL, 6" at NNLO+NNLL
POWHEG-BOX+PYTHIA DR CT10
o™ and o' at NLO

POWHEG-BOX+PYTHIA DS CT10
o™ and o at NLO

POWHEG-BOX+HERWIG DR CT10 -
o™ and o at NLO

MC@NLO+HERWIG DR CT10

a“ and o at NLO

MC@NLO+HERWIG DR MSTW2008

a“ and o at NLO

MC@NLO+HERWIG DR NNPDF 2.3
a“ and o at NLO

Lo b b B by
0.5

.8 0.9
Cross-section [pb]

JHEP01(2016)064
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tW associated production at 13 TeV (3.2fb~1) arXiv:1612.07231

e Separate BDTs trained for the two
signal regions 1j1b and 2j1b

. . ——r 120004
e Most significant BDT inputs: ATLAS —e— Data 2015 €
sys miss Vs=13Tev, 3.2 10" E =“§" 4100003
® Py (0122 ET 1) and s b Zejets 8000
- Fak
° pSrI?,S (6152) D?b:sson 15000

respectively (details)
2000
e Leading systematics: - o

s L2f ”
o jet energy scale (21 %) L bk o 1}/// W Total unc.
. K [ € K i YR
e NLO matrix element (18 %) g
08F, ) L L L L 1 1 1
: 06 08 1 12 14 05 1 1.5
L SYStematlcs are expected to BDT (1j1b) response BDT (2j1b) response 2j2b yield

reduce with more data and
improved predictions

[ o = 94 + 10 (stat.) 725 (syst.) 2 (lumi.) pb (31 %) ]

py": magnitude of the vectorial pr sum
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Anomalous couplings (¢-channel)
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Anomalous top coupling in the ¢-channel arXiv:1702.08309

e SM predicts highly polarised top: e Ny — N, _ N(cos6 > 0) — N(cosf < 0)
P(t) = 0.91 and P(¢) = —0.86 (NLO) "B Ny + N, N(cosf > 0) + N(cosf < 0)
e Can be measured using angular asymmetries
Asymm- Angular risation
e Probe for Witb vertex structure S::nry obse%:ai)le ioti:eriztb?e pre(?il\c/i;ion
7 () Af?‘B cos Oy %CY[{P 0.45
q (2
¢ spin along W momentum ALY cos Oy cos 0 3P(Fr + F1) 0.10
in ¢ rest frame Arp cos 0} 3(Sg) = B(Fg + FL) —0.23

spec. ¢ mom.

. e . 3 /3 _ 3
in t rest frame P ABC cos8;  3,/3(To) = $5(1 —3Fp) —0.20
momentum

i A;‘;’:B cos 9; % (S1) 0.34
in W rest frame ~ ~ .
pe App cos 6 —Z<SQ> 0
Ag:]’;) cos 0] cos ¢ 7% (A1) —0.14
N AN cos 0} cos ¢ %<A2> 0

‘
|
|

i
P FB
|
|
|

SM predictions at NLO for P and ay;

NNLO for F()J_”R; LO for <S172> and <A172> a4
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Anomalous top coupling at 8 TeV (20.2fb~1)

arXiv:1702.08

3

e large An(b,j)
e reco. t near myop
e large scalar sum of pp

o t-channel cuts as before, | 1
+ cuts for SR vs. SR: o |
o forward |n;]| 1blo0se I

SR used to constrain

1 vVRWwW; |
SR | CR tt

SR = signal, VR = walidation, CR = control

°
W + jets normalisation £ as000f Vowor ' arias | g Com | atas
o =:,”5 Vs =8TeV, 20.2 fb* @ 10000 =W”5 Vs =8TeV, 20.2 fo*
e Maximum likelihood fit L0000 = Signal reion - Signl fegion
over SR, SR, CR tt O St 2 Savntietune.
5000
e Unfolded to parton level 5000
e Leading systematics: 0 0
o tf modellin B S| B R
& 0.95 0.95
° jet calibration, -1 08 -06 04-02 0 02 04 06 08 1 -1 08 -06 04-02 0 02 04 06 08 1

cos6,

4
AFB

e MC statistics

cos@)

N
AFB
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Anomalous couplings at 8 TeV (20.2fb™1) arXiv:1702.08309

ATLAS ATLAS
(s=8TeV, 20.2 fb* ve | (s=8TeV, 20.2 fb* . . .
Ars Most general Wtb interaction in
. AW 4 <S> . .
e | effective operator formalism:
—o— Ay o <Ty>
o+ A on <S> g - _
. “| Lw =— == by (VLPL + Ve Pr) tW,
il Al —ho—i <S> \[
.
e As e bt g 7id"q _
er  * SMpredicion e + SM prediction ‘o as - = bi (g.PL + grPr) tw,
— Stat. uncertainty e — Stat. uncertainty \/>
—h— — Total uncertainty A;': — Total uncertainty
coo b b b e Ly sl b b b b b b by +hC
04  -02 0 0.2 0.4 0.6 06 04 02 0 02 04 06 08
Angular asymmetry W-boson spin observable

e SM: Vi, = Vi, anomalous couplings zero
e If gr is complex, the coupling has a CP-violating component
e AN, and ALp are used to set a limit on anomalous coupling:

Imgr € [—0.18,0.06] at 95 % confidence level (assuming Vi, = 1 and Vg = g.. = Regr = 0)
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Summary

= I I I I I I I I
CATLAS  Preliminary September 2016

:single top-quark production

t-channel
e Comprehensive 8 TeV results 102
e New measurements at 13 TeV

e These will be used to tune MC

generators and PDFs

NLO+NNLL at m, = 1725 GeV/
™ MSTW2008 NNLO PDF

10

s-channel

e Good agreement with predicted .
@ t-channel 4.59 fb™ pPrD 90 112006 (2014)

D t-channel 20.2 fb™ paper in preparation
T t-channel 3.2 b arxivi1600.03920

¥ Wt 2.05 fb! pLB 716 (2012) 142

T Wt 20.3 fb sHEPo1 (2016) 064

% Wt 3.2 fbo™ ATLAS-CONF-2016-065

¥ s-channel 95% CL limit 0.7 fb™ AtLAs-CONF-2011-118

| | § s-(ihannel 20|.3 ot arX\\i.1511v05980 | |

7 8 9 10 11 12 13
Vs [TeV]
17

cross-sections

[ejo} jels

single top-quark cross-section [pb]

e More to come with the full
201542016 dataset
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Systematic ranking: t-channel@8 TeV

Source Aocqa(tq) / osa(tq) Acsa(tq) / ora(tq) Source ARy /Ry (%)
(%l (%l Data statistics + 3.0

Data statistics + 1.7 + 2.5 Monte Carlo statistics + 1.8

Monte Carlo statistics +1.0 +1.4 T e—— T [ o7

Background normalisation < 0.5 <0.5 Jet reconstruction + 0.5

Background modelling + 1.0 + 1.6 Emiss modelling + 0.6

Lepton reconstruction +21 +25 tq (tg) NLO matching +05

Jet reconstruction + 1.2 +15 tq (tq) scale variations + 0.7

Jet energy scale +3.1 + 3.6 tt NLO matching + 23

Flavour tagging + 1.5 + 1.8 tt parton shower + 1.7

El}"iss modelling +1.1 + 1.6 PDF + 0.7

b/b tagging efficiency +0.9 + 0.9 T 139

PDF +13 == 42 Total (stat. + syst.) + 5.0

tq (tg) NLO matching +0.5 < 0.5

tq (tq) parton shower +1.1 +0.8

tq (tq) scale variations +2.0 +1.7

t¢ NLO matching +21 +4.3

tt parton shower +0.8 +25

tt scale variations <0.5 <0.5

Luminosity +1.9 +1.9

Total systematic + 5.6 + 73

Total (stat. + syst.) +5.8 +78




Particle level definitions: {-channel@8 TeV

A Ngducial - Ntducial ¥
fid. = —0——— fid. = o * =
Ntotal Nselected L

e U is the measured expectation value of the number of signal events

e Fiducial phase space: apply event selection at generator level
e Stable particles (lifetime in MC event record greater than 3 x 10! s):
e ¢, 1, v defined to be decay products of W (incl. via 7)
(implicit W-boson match excludes hadronic decay products)
¢ momentum includes photons in a cone of radius AR = 0.1
anti-k; jets (R = 0.4) using all stable particles except the ¢ and photons used above
b-jets are jets with |n| < 2.5 and ghost-matched to a b hadron

overlap removal rejects events where £ is in a jet cone of AR = 0.4
m(¢b) < 160 GeV

e The pseudo-top (i) is constructed from pw + py at particle level

e The W is in turn constructed from p;, 4+ p, using a mw constraint



Fiducial cross-sectio

: t-channel@8 TeV

ATLAS

Measurement result

[ stat. O syst. unc. [ |stat. unc.

Predicted fiducial cross-section with CT10:

[Iscale O PDF unc. [l PDF un
POWHEG-BOX+PYTHIAG
POWHEG-BOX+PYTHIA8

w POWHEG-BOX+HERWIG

=i POWHEG-BOX+HERWIG7
MG5_aMC@NLO+HERWIG
MG5_aMC@NLO+HERWIG7

7] POWHEG-BOX+PYTHIAG

POWHEG-BOX+PYTHIA8

EUMG5_aMC@NLO+HERWIGT

C.

s=8 TeV, 20.2 fb™*

7

8

|
9 10 11
Oyq () [Pb]

ATLAS

Measurement result
[T stat. O syst. unc. [ |stat. unc.
Predicted fiducial cross-section with CT10:
[|scale O PDF unc. [l PDF unc.
POWHEG-BOX+PYTHIAG6
POWHEG-BOX+PYTHIA8
w POWHEG-BOX+HERWIG
= POWHEG-BOX+HERWIG7
MG5_aMC@NLO+HERWIG
MG5_aMC@NLO+HERWIGT
75| POWHEG-BOX+PYTHIAG
POWHEG-BOX+PYTHIA8
MG5_aMC@NLO+HERWIG7

s=8 TeV, 20.2 fb'*

3

5 6 7
;4 () [P]



Total cross-section: ¢{-channel@g8 TeV

ATLAS s=8 TeV, 20.2 fb* ATLAS Vs=8 TeV, 20.2 fb*
Total cross-section: Total cross-section:
—e— Data —e— Data
POWHEG-BOX+PYTHIAG NLO s POWHEG-Box+PYTHIAG o o
POWHEG-BOX+PYTHIAS —— cesmpnn POWHEG-BoX+PYTHIA8 — crewms e
s BoxsH [ scate unc. a0 BoxsH [ scale unc.
Iy PowrEG-Box+HERWIG [ -, Iy P OWHEG-BOX+HERWIG [ scate 1 POF 1, unc.
bl POWHEG-Box+HERWIGT b= POWHEG-Box+HERWIG7 ——
MG5_aMC@NLO+HerwIG L s MG5_aMC@NLO+HERWIG e NN s
MG5_aMC@NLO+HERWIGT I scale unc MG5_aMC@NLO+HERwWIGT [ scate unc.
] POWHEG-BOX+PYTHIAG [0 scate 0 POF 0 a, unc. 7] POWHEG-BOX+PYTHIAG [ scae 0 PoF 0 a e
"8 POWHEG-BOX+PYTHIA8 —_ nNO '8 POWHEG-BOX+PYTHIA8 o
MG5_aMC@NLO+HerwIG7 [P | MG5_aMC@NLO+HerwiGT [
[ scale 0 POF 0 a, unc. ﬁil [ scale 0 PDF 0, unc.
R TR T L L L L
50 55 60 65 70 25 30 35 40
Oyt (10) [PD] Oyt (ta1) [D]



Systematics ranking: {-channel@13 TeV

Ao(tq) Ac(tq) ARy
Source o(ta) [%] o(tq) [%] R [%]
Data statistics +29 + 4.1 + 5.0
Monte Carlo statistics + 28 + 4.2 + 5.1
Reconstruction efficiency and calibration uncertainties
Muon uncertainties + 0.8 +0.9 + 1.0
Electron uncertainties <0.5 + 0.5 + 0.7
JES + 34 + 4.1 + 1.2
Jet energy resolution + 3.9 + 3.1 s= Il
Emiss modelling +0.9 +1.2 <05
b-tagging efficiency + 7.0 + 6.9 < 0.5
c-tagging efficiency < 0.5 + 0.5 + 0.6
Light-jet tagging efficiency < 0.5 <0.5 < 0.5
Pile-up reweighting +1.5 EER2L) + 3.8
Monte Carlo generators
tq parton shower generator + 13.0 + 14.3 + 1.9
tg NLO matching o= Pl + 0.7 + 2.8
tq radiation + 3.7 + 34 + 3.7
tt, Wt, tb + b parton shower generator +3.2 +44 +1.2
tt, Wt, tb + tb NLO matching +44 + 8.6 + 4.6
tt, Wt, tb + tb radiation <0.5 +1.1 +0.7
PDF + 0.6 + 0.9 <0.5
Background normalisation
Multijet normalisation + 0.3 + 2.0 + 1.8
Other background normalisation + 0.4 +0.5 < 0.5
Luminosity =2 Pl =2 Pl < 0.5
Total systematic uncertainty + 175 + 20.0 +10.2

Total uncertainty + 17.8 + 20.4 +11.4




Post-fit BDT distributions:
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‘ Variable ‘ 1-jet, 1-tag ‘ 2-jet 1-tag ‘ 2-jet 2-tag ‘
PY° (b1, b2, BR™, 1) 1
pr° (01, 2, 51) 7
P (b, o) 13
" (1, J2) 10 1
’ys (04,05, Emiss) 12 2
(él,fz,lfnngg J1,72) 13
(51,]1) 13
”(PSTYS) (01, L2, EX™, j1) 4 5
pr (j2) 8
Apr (61, 62) 8
Apr (b, L2, 1), (ERS)) 9
Apr (EF™, j1) 9
Apr (0, o, E'Tmss,jl) 16
Apr (L2, j2) 14
AR (01, 71) 2 5
AR (£2,51) 4 10
AR (£2,52) 6
AR (€2,51) 11

AR (l2,72)
R ({9,51)
R (l1,62)
AR ((£1,£2),52)

m (€, j1)

(511]2>
m (]1732)

m (l2, j2)

m ({1, j1)
(61, €2)

m (€2, j1, j2)

m ({1, 02,1, j2)
mr (ji1, E3™)
Mo
E/m (41,42, j2)
> B
Centrality (¢4, l2)
Centrality (41, j1)
Centrality (l2, j2)

m

10

ot

11

12

6
11
14

0 =1 N = W

Input significance: tW@8 TeV
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Systematics: tW@8 TeV

Uncertainty Impact on [ (%)
Statistical +5.8
Luminosity +4.7
Theory modelling
ISR/FSR iy
Hadronisation +1.7
NLO matching method E=DR)
PDF +0.6
DR/DS 252
Detector
Jet 39
Lepton +3.0
Emiss +5.5
b-tag +1.0
Background norm. i
Total v

—01001Au
ATLAS ‘ ‘
{s=8TeV, 20.3 fb*
ISR/FSR Wt // Z
Jet energy resolution
ET** scale -
JES modelling comp. 1 7, |
Luminosity ‘Z ~
DR/DS &
Electron identification ;/
Pileup >
NLO matching method -—07-/ /
ISRIFSR tt .
Normalisationtt| =~ | "744 —
-1 0 1
-e- Pull (8-6,)/08 Pull

+1o pre-fit impact on i
7/, +1o post-fit impact on [i



Event selection: tWW@13 TeV

At least one jet with pp > 25GeV, |n| < 2.5
Exactly two leptons of opposite charge with pt > 20 GeV,
|n] < 2.5 for muons and |n| < 2.47 excluding 1.37 < |n| < 1.52 for electrons
At least one lepton with pp > 25 GeV, veto if third lepton with pp > 20 GeV
At least one lepton matched to the trigger object

Emiss > 50 GeV,

Different flavour q
ERss > 20GeV,

it My, < 80 GeV
it My > 80 GeV

ERiss > 40 GeV,
veto,
Same flavour AERISS > 5Myy,

veto,
2Mgg + ERiss > 300 GeV,

always

if Mgy < 40 GeV

if 40 GeV < My, < 81 GeV
if 81 GeV < Myp, < 101 GeV
if Myp > 101 GeV




Systematics: tW@13 TeV

o Source Aoyt /ow %]
06 04 02 0 02 04 06

‘wHwm‘m‘uwm‘uwu‘ Jet energy scale 21
» Jet energy resolution 8.6
Parton Shower generator % % EXIss soft terms 5.3
JES: flavour composition b_tagglng 43
Luminosity 2.3
JES: EffL y Lepton efficiency, energy scale and resolution 1.3
HUFSR Z‘_' NLO matrix element generator 18
Luminosity Parton shower and hadronisation 7.1
Initial-/final-state radiation 6.4
Wi ME generator Diagram removal/subtraction 5.3
JES: nintercal. model Parton distribution function 2.7
Non-tt background normalisation 3.7
PDF central value
e Total systematic uncertainty 30
riewe Data statistics 10
b-jet efficiency scale fac. 0 7 Total uncertainty 31
—— pul
ATLAS (s=13Tev,3.21b" Pre-it Impact on
1/, Postitimpact on
I T T N ST

3 -2 -1 o0 12 3
©6-6,/00



BDT input significance: tW@13 TeV

1j1b

. 2 3 AAe V Daazbis | @ FAtas' 14 bawzols
Variable S [10_ ] 6] X O1200F R - 3
- 0 gool 15=13TeV, 3.2 fb" ~ 5=13TeV,3.2fb" —1
pf’I?'S (6102 B gy) 53 3 1j1b zi $1000F 1j16 é+'j19t5 E
N . f= thers c thers
Apr(€1ly, EF%51) 29 860 5
> Er . 2l 400
Aspg(flfg,.E%mss) 1.2
prg (L1 ER547) 0.9 200,
Cltaty) 0.9
APT (61, E’rrnlss) 0.8 g E 77, Total syst.
[N o
BDT discriminant 86 & 20
[a) . d [a) . | IR R R SR S SRR
0 10 20 30 40 50 60 70 80 90 100 60 40 20 0 20 40 60

P(L,ET ) [GeV] Bp,(1,  ET) ) [GeV]



BDT input significance: tW@13 TeV

il 3 L IR B B I L S B B30T

Variable S [1072] D100 ATLAS R B ATLAS 2018

5 (0162) 17 ~ E: 13 TeV, 3.2 fb? T %2500- g: 13 TeV, 3.2 b 1 E
ZXI‘R 1€2 s . g 800F 2j1b Z+jets LﬁZOOO- 2j1b LZ;#;SS

(€12, EX**%j1]2) 17 g

AR(l102,j1]2) 1.5 4
ApT (5152, E%ISS) 1.4
Apr (£, 1) 1.4
m(€1]1) L3 5 5
pT(El) 13 g g
o (P (Ll BRIy 12 £, g
AR(f1,51) 12 °°% 8000 0 0. n 35 4 45
fr E()grﬁs)) (015 B35, ) 83 (141, [GeV] BR(,  EM )
m(€2j1j2) 0.3
m(lag1) 0.3
m(€2]2) 0.1

BDT discriminant 10.9




Systematics: anomalous coupling @8 TeV

Uncertainty source AAfL x 102 AAJE x 10 AApg x 102 Adpe x 10 AAN; x 102 AATL x 102 AANY x 102 AATY x 10?
Statistical uncertainty +2.6 +3.1 +2.3 +2.8 +2.2 +3.1 +3.0 +4.6
Simulation statistics +1.7 +1.9 +1.4 =ik +1.3 +2.0 +1.8 +2.9
Luminosity <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Background normalisation +0.5 +0.5 +0.9 +0.7 +0.4 +1.1 +0.6 +1.1
ERi reconstruction e e e e 03 w0 w0
Lepton reconstruction s wRe +1.4 p 01 s A e e
Jet reconstruction +2.1 +2.5 +1.2 +1.8 +0.8 +0.5 +1.6 +1.3
Jet energy sele 5 iz 50 He g i 08 3
Jet flavour tagging +0.9 +0.3 +0.6 +0.4 +0.2 +0.6 +0.3 +0.6
PDF +0.2 <0.1 <0.1 +0.2 +0.1 +0.1 +0.1 +0.4
tt generator +2.3 +1.0 +0.2 +1.2 +0.2 +3.5 +1.7 +1.3
tt parton shower +0.6 +0.5 E2NT; +0.3 +1.5 +1.0 +0.9 +1.6
tt scales +0.2 +0.4 gl +0.3 +0.3 +0.8 +0.3 +1.3
Wt, s-channel generator +1.0 +1.1 +0.4 +0.3 +0.2 +0.8 +0.3 +1.4
Wt, s-channel scales +0.9 +0.3 +0.3 +0.3 +0.6 +0.5 +0.4 +0.9
t-channel NLO generator +1.4 +0.6 +0.6 +2.7 +0.3 +4.5 +2.6 +7.2
t-channel LO-NLO generator +1.5 +2.0 +2.6 +1.8 +0.5 +1.9 +1.3 +3.2
t-channel parton shower +0.5 +1.0 +3.5 +0.2 +0.7 +0.9 <0.1 +1.1
t-channel scales +1.1 +2.0 +0.6 +1.6 +0.9 +2.2 +1.4 +2.6
W +jets, multijet modelling i) g 0y0 e e 0 A +0.6 el
Total systematic uncertainty fg:ﬁ t§§ f;:g fgjg t§;§ tg;‘g tg‘;i ﬂg:?




Angular distributions: anomalous coupling @8 TeV

Angular distribution of any ¢ decay product X in the ¢ rest frame:

1 dr 1
ENE P
[ I' d(cosfx) 2( +axPeosbx)

Lepton spin analysing power a, = +0.998 at NLO. P(t) = 0.91 and P(f) = —0.96 at NLO.
Observed: ayP = 0.97 £+ 0.05 (stat.) £0.11 (syst.) (12 %)

Parametrisation of the spin-density matrix elements for the W boson helicity components 0, +1:

dr’ ¢ {2 L (To) (3cos® 07 — 1) + (Ss) cos0; + (S1) cos ¢; sin 0]

1
T d(cos;)dp; 87 |3 o V6

+ (S2) sin ¢y sin 0; — (A1) cos ¢y sin 20; — (As) sin ¢y sin 20;}

e 0; and ¢; are the angles of the £ momentum in the W rest frame
e The spin observables (S12) and (A;2) are proportional to the top polarisation P
e (Tp) and (Ss3) are independent of P but are related to the W helicity fractions Fr 1,0



Signal region cuts: anomalous coupling @8 TeV

— : «+ spectator ¢ (jet) tends to
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