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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.

i ” ix unitarity.
= Top-quark decays almost exclusively to t—Wb. Test CKM matrix unitarity

> Test pQCD calculations.
= Probe BSM physics:

> Anomalous couplings with Wtb vertex.

t-channel tW-channel s-channel

o(8 TeV) = 87.7773pb  o(8 TeV) =224+ 1.5pb ¢ (8 TeV) = 5.6 + 0.2pb
o(13 TeV) = 217. 0+ “pb (13 TeV) =71.74+3.8pb  0(13 TeV) = 10.3 £ 0.4pb
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s-channel @ 8TeV: total measurement. PLB 756 (2016), 228-246

« Signal signature (leptonic decay of W boson).
= 1 isolated lepton. q W ¢
= E M from the neutrino.
- 2 high P, b-tagged jets. q b
¢ Main backgrounds:

= ttbar (dilepton veto to reduce it), W+jets.

|
ATLAS e Data
} [ s-channel
\S = 8 TeV, 203 fb1 [ t-channel
i i I Wi
Signal region —
I W+jets
[ Z+jets, diboson
B Multi-jet
V777 Post-fit uncertainty

« Matrix Element method to separate tb signal

from backgrounds.
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ENEELENELT

B 1iE
O, (s—channel )=4.8 iO.S(stat.)fll'g(syst.)pb % ;S%M%WW%)WW%W%MW%
0
observed (expected )significance :3.26(3.90) 0.0002 0.0018 0.058  0.102 0.187 1
P(SIX)

 Binned likelihood fit to extract the cross section in signal region. W+jets CR used in the fit.
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https://arxiv.org/abs/1511.05980

L lnarEl Eur. Phys. J. C 77 (2017) 531 | 13 TeV: | JTHEP04(2017)086

« Separate measurements of o(tq) and O(Eq).
 Signal signature (leptonic decay of W boson).
= 1 isolated lepton.

. ETMISS from the neutrino

= High P, forward (spectator) jet.

= High P_b-tagged jet.

* Main backgrounds: Neural network to separate signal and background.
- ttbar, W+jets.
j S ’ - ATLAS Simulation \s=8TeV 7
= EMSS used to supress multijet contributions o 0.15p 1 sR
~  r === tq -
2 i -~ fF,Wi(b o
S .
3 I
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https://arxiv.org/abs/1702.02859
https://arxiv.org/abs/1609.03920

t-channel @ 8 TeV: fiducial measurement. Eur. Phys. J. C 77 (2017) 531

* Fiducial phase space measurement.
« Fiducial phase space volume.

= Reduces systematic uncertainties related with MC generators.

> Region defined by stables particles with selection close to Ofd = Niig .
reconstructed objects. Ngel  Lint
« Neural network (NN): Main systematics:
= 7 input variables combined into the NN discriminant. * jet energy scale (2.5%)

* NLO matching (4.6 %)

= Improves sensitivity of the signal extraction. + lepton reconstruction (2.5 %).

L L L L L
L 6000 ATLAS | A -
\s=8 TeV, 20.2 fb
= ot _ o (tq) = 9.78 = 0.57 pb
o , ¢ Data
~ i ’ (R ] t — -+
S 4000 I W +jets - y
G>J i [ Z,VW+jets
LL B Multijet ] — 3
77 Posiit ung: ATLAS Vs=8 TeV: 20.2 fb
- Measurement result —e—
[[] stat. @ syst. unc. [ stat. unc. :
2000 Predicted fiducial cross-section with CT10:
L [_|scale @ PDF unc.[@ PDF unc.
POWHEG-BOX+PYTHIAG e
POWHEG-BOX+PYTHIA8 S
i POWHEG-BoXx+HERWIG e
0 ™ POWHEG-Box+HERWIG7
© o 1 2 [ T T T T m MG5_aMC@NLO+HerwIG e
= ) £ e eI S w“ii‘:ﬁ P T S e e e et Lo, R MGS—aMC@NLO+HERW|G7 _—
8 e | ————————————— ] 7| POWHEG-BOX+PYTHIAG -
al 08 P B S T SR I8 POWHEG-BOX+PYTHIA8 55
0 02 04 0.6 0.8 1 SMG5 aMC@NLO+HerwIG7 | | v H |

= Binned maximum-likelihoodfittotheONN. OnN /7 8 9 10 M
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https://arxiv.org/abs/1702.02859

_ Eur. Phys. J. C 77 (2017) 531
t-channel @ 8 TeV and 13 TeV: total measurement. THEP04(2017)086

_ R.=1.72+0.09(4.9 %
[ 0,(1q)=32920pb(91%) 8 TeV | / [ t ( °>]
O (1q)=56.7 53 pb (7.6 %) aas T e 2ot
V| =1.029+ 9 s S 8 TeV
\ |fLV thl 1029 _0048 <46 A)) ) Plgjictio.ns cilcijlated in 5.FS: 20_2 fb'1
ey .
= Extrapolation to total phase space. 2:28 A
1 HERAPDF 2.0
R JR14 (VF)
ot Afd tid MMHT2014
NNPDF 3.0 E
thomt(tq)/gtm(fq) 1.4 15 1.6 1.7 1.8 1.9 2 N
« |V, | without assuming unitarity from the ATLAS 513 TeV, 3217
_ Measurement result ) 4
inclusive cross section o(tq+tq). stat @syst.  stat
2 ABM (5 flav.) é e
IfLV . th| = Omeas/OSM ATLAS epWz12 —e—
CT14 —e—4
HERAPDF 2.0 I—o—él
JR14 (VF) bei |
(0, (1q)=91=19pb(204%) 13 TeV | - 13 TeV
o NNPDF 3.0 —e—i 3.2 fb'1
Otot(tq ):156128pb (17.8 A)) s b L

1.2 1.3 . . _ _ _ )
iy V| =1.0720.09(8.4%) ) \[ A

Rt:1.72i0.20(11.4%)]

dominant syst: MC generators (tq parton shower)
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https://arxiv.org/abs/1702.02859
https://arxiv.org/abs/1609.03920

t-channel @ 8 TeV: differential measurement. Eur. Phys. J. C 77 (2017) 531

o Differential measurement.

£ 6000 ATLAS  1s=8TeV,2021b" -
« Cut in Neural Network output to enhance o [ I+ SR o Data -
signal-background ratio. O >0.8. P . —F
5 4000] B
* A different NN for the |y(t)| measurement to AT i Emjéﬂ“
reduce distortion of the distribution. 7 Postit unc.
2000
= Unfolded distributions at particle level.
o , . 0
- P_(),P,(jet) in two SR'’s (top and antitop). %8 1_21__ ——— —
Y _¢51.;';..._-‘.:&..,-:Q'-w-..-...a.v.'.‘.,b.-u.-‘:.i.-i»-a..-.g-ai.-a.-r-..'.._
. . ) . () [ ]
= ly®)], ly(jet)] in two SR’s (top and antitop). o 08 55T 05 —DE )
= Unfolded distributions at parton level. ONN
[ L L L
- P_(t) in two SR’s (top and antitop). = 1F ATLAS /s=8TeV,20.21b"
O] [ g particle-level ® Data
- |y(t)| in two SR’s (top and antitop). 5 10| o RonivIne
o=
©l g0
» Background normalization: theoretical predictions.
Multijet determined w. data driven technique. 107 ' :
* Main systematics: §
, : : o ; :
Jet enegy Scale’ mOdelllng Slgnal and ttbar = 05 :—--POWHEG-BOX+I:IERWIG-"‘MGS_al\/llC@NLO+HERW|G':

0 100 200 300
p(T) [GeV]
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https://arxiv.org/abs/1702.02859

tW-channel. THEP01(2016)064 | 13 TeV:

« Signal signature (leptonic decay of W boson).
= 2 isolated leptons (oppositely charged).

= E M from the two neutrinos.

= High P_b-tagged jet.

« Main backgrounds:

= ttbar (interference at NLO).

= EMS and dilepton invariant mass used to

suppress Z+jets contributions. : -
°P j %120007 ATLAS | | ' [;ata 2015 1
* Boosted Decision Tree to separate ttbar from tW. > [ A W ]
LIJ10000__ (s=13TeV, 3.2 b =ﬁt ]
| | - i - Z+jet ]
£ 14000 ATLAS ¢ Data = sooof 13 TeV 3.2 fb! Others
D 10000 'S =8 TeV,20.3 b W = [ i
8 TeV - 1or2jets Bt ] -
1 10000 = [l Others = ]
20.3 fb- 8000 - 3 .% Uncertainty g
6000 — —
4000 - |
- 1.6F | | | | 3
2000 © 1.4  Total syst. 7 3
o 1.2F ' 7
-8 1.2 Ee e ............................. e ............. e ] % 8%1? Z / / I/// /7;3
< 4 7 S P AE b 3% fj0b 206
© T - - - - ]
@) 1-jet 1-tag 2-jet 1-tag 2-jet 2-tag 1-jet O-tag 2-jet O-tag - > .
Regions SR Regions
- >
SR
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https://arxiv.org/abs/1510.03752
https://arxiv.org/abs/1612.07231

tW-channel @ 8TeV and 13 TeV: total measurement.

8 TeV

» 3 separate BDT's trained to separate tW from ttbar.

[ Vo T . o L L L B L B L I LN I
p ATLAS ¢ Data 3
2 700 , |s=8Tev,203 o' Wt E
2 1-jet 1-tag it =
3 600 I Others =
LI>J 500 ¢ ' 7. Uncertainty _;
400 =
300 =
200 =
* .E
100 —
T 12 ]
o I, A
N
ks 03 02 01 0 01 02 03 o04

BDT Response

Events / 0.05

Data/Pred.

1600 — ATLAS ; ¢ Data —
\s =8TeV, 20.3 fb’ Wit -

1400 2-jet 1-tag R it =
1200 I Others ]
N 7. Uncertainty -

1000
800
600
400
200

WIII'III'III'I\I'

0.2 0.1 0 0.1 0.2 0.3
BDT Response

Events / 0.05

Data/Pred.

JHEP01(2016)064
JHEP 01 (2018) 63

13 TeV

» 2 separate BDT’s. Same strategy than 8 TeV.

L L B L L
- ATLAS ¢ Data
12005 '8 Tev, 20.3 fb” Wt
2-jet 2-tag I tt
1000 I Others
7. Uncertainty

RN
2/ zH.
0.1 02
BDT Response

Cross-section extracted from a profile likelihood fit to the BDTs. Two jet regions help to constrain ttbar

O, (Wt)=23.0+1.3(stat.) 3 (syst.)=1.1(lumi.) pb

(16%)

1,y V| =1.01+0.10

O, (Wt)=94+10(stat.)™ (syst.)*2(lumi.)pb

(31%)

Main systematics:
* jet reconstruction (10%)

* initial/final state radiation (9.5%)

* ttbar normalisation (6%).
Pheno 2018. Pittsburgh

« Main systematics:

* jet energy scale (21%)

* NLO matrix element (18%).
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https://arxiv.org/abs/1510.03752
https://arxiv.org/abs/1612.07231

tW-channel @ 13 TeV: differential measurement. Eur. Phys. J. C 78 (2018) 186

« tW differential analysis using 36.1 fb-1 of 2015+2016 data.
» Differential measurement: fiducial phase space defined with two charged leptons and one b-jet.

» Signal region: exactly one b-jet, no additional jets.

ey ue ) _ _ © 100000F [ [ [ | 3

- Validation regions defined to validate the S [ ATLAS + Data ]

modelling. Not used in the cross-section 0 80000k {s=13TeV, 36.1 fb™ tw ]

measurement. - B it :
Z+jets

- Background subtraction: theoretical predictions 60000} Others

> To further suppress ttbar a BDT is used i
40000

Process Events Events 20000 1 3 Te\1/
BDT response > 0.3 36.1 fb-
tW 8 300 + 1400 1970+ 560 ] I—— | J
tf 38 400 = 6 600 3400+ 1300 B 15 Total syst. unc. 2 k
Z + jets 620+ 310 159 + 80 o 12% /{ ' %
Diboson 2304+ 58 81+ 20 8 : % Z
) o /2
Fakes 2204+ 220 19+ 19 a 05 N G a———
1j1b 2j1b 2J2b 1)0b 2J0b
Predicted 47800 £ 7300 5600+£ 1700 Reqi
Observed 45273 5043 SR egion
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https://arxiv.org/abs/1712.01602

tW-channel @ 13 TeV: differential measurement. Eur. Phys. J. C 78 (2018) 186

v%‘OIOOB_;';%L;;""I""\""I';"I[')a't'a'l""l""!'";_ ,%‘ _|A"1.'L‘Aj§"|""|""|"'¢'|‘[‘)a't'a\ """" |""_
— I B e o e o o e e B I (% = \{§=13TeV, 36.1 fb’! Total uncertainty B % 0.004_\{§=13T9V, 36.1 fb Total uncertainty
< 9000 ATLAS + Data g 0.006; —— Powheg+Pythiaé (DR) | g I g —— Powheg+Pythiaé (DR) |
_ g tw £ ] s .
1\l§1b_ 13 TeV, 36.1 fb p— 3 ok 1 £ I |
j S Z+jets 5 L 1 5 B _
Others g r 1 § 0'002_ |
0.0021— -4 = | +
. i i ¢
E 7....m....|‘...|.(.. 1 ! ] - - J T AR AT AT A ) T
E 2?; Powlheg+Fl’ythiaé (DR)I ------- ‘Powhleg+Pylthia6 (‘DS)_; 25_— Plowhegl+Pythi236 (DFi) Powhegw}thias I(DS)_E
s 1 e 1S5 =
8 e I = F8 -
-c',15._lll|lll|lll|lll|l§l|lll_ 0.5;— ........................................... i 052— """"J ------------------------------------ —i
o 19F v Totalsyst.unc. = = - = e -
D\ﬂ" 13/ 7 /, g—aMC@NLO+Herwig++ """ Powheg+Herwig++ g ;—aMC@NLO+Herwig++ """ Powheg+Herwig-++ é
g F | | | R 1 e 15ﬁL EI " T E
0602 02 "0 02 04 06 £ — R — |
BDT response O T O ]
0 100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
m(¢¢b) [GeV] mr(££vvb) [GeV]
« Unfolded distributions at particle level: _ _ o
Measurements are normalised wit the fiducial
b D|fferent|a| CrOSS'SeCt|On eXtraCted as funCt|On Of Cross_section_ Cance”at|0n of main uncerta|nt|es
several particle-level observables:
* E(b) - top quark production. Main uncetainties:
* Limited data statistics
« m(l.b); m(l,b) — top quark decay. . Signal modelling
- E(lb); m_(llvvb); m(lib) -~ combined tW system. * ttbar modelling.
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https://arxiv.org/abs/1712.01602

tZq measurement @ 13 TeV. PLB 780 (2018), 557-577

* First evidence of SM tZq electroweak process.. « Background normalization:

= Sensitive to tZ and WWZ coupling. » SF for Diboson from its control-region.
Mostly WZ. ZZ with a non detected

= |mportant background to tH and tZ FCNC production. _
lepton is 9%

= Trilepton decay channel is used. Signal signature: _ _
 ttbar control region constrains non-

3 charged leptons, a b-jet and an additional non-b-jet. promt leptons

« Main backgrounds: « Z+jets estimated w. data driven

 Diboson, ttbar, Z+jets: Two VR and two CR technique.
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https://www.sciencedirect.com/science/article/pii/S0370269318302120?via%3Dihub

tZq measurement @ 13 TeV. PLB 780 (2018), 557-577

3000 T T T T T T T R LA LA LA LA LT RS LA RN LRSS SR L

§ ~ ATLAS * E;;a E § 70" ATLAS . '?Z"‘C;a =
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(i1 —_ Dib - LU - Dib =
= [ ﬁvii?fznwz 3 40:_ [ t?lvcﬁ;:mwz =
1500— Uncertainty — —] = Uncertainty 3
C e - 30E —
F Validation region E 20 Validation region =
500 e — S =
5 mﬂL—. o - F=me~mwmm%ww 3
] 0 | | SR 4 Y T MY VI BV | !._|_| NI B ) w L e S ———
B 15 3 S 15E $ + 3
o Esassans PSS IR P BRI e 3 o B S e B B R K e R 3
Y * ; b 3 Y F ¢ ! + E
g 0 01 02 03 04 05 06 07 08 0.9 1 g 0 01 02 03 04 05 06 07 08 0.9 1
O O
= Neural network is used to enhace S/B.
b L L R T L B LR R B P R R
i : . ; : 2 ATLAS Preliminary o Data il
- 10 variables used as input: n(j), P.(j), m(t), ... P T 961 B Zq -
E = tt+!W E
« Binned maximum likelihood fit to extract the i
cross section using the full NN discriminant o = E‘;;;T;:;Z z
distribution. E S|gna| region g
20— ]
* Impact of systematic uncertainties as nuisance - :
parameters of the fit. e &
0 (tZq)=600+170(stat.)+140(syst.)fb i* -
o
. . = 1
observed (expected )significance :4.2 6(5.4 0) g
GU 01 0f2 0:3 U,4I T 05 = fl.'},['} I 0.7 U.IE 019 1

O iheo (1Zq)=800"5, fb
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https://www.sciencedirect.com/science/article/pii/S0370269318302120?via%3Dihub

Summary

* ATLAS has studied comprehensively single-top-quark production at 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 |l dataset.

o — [ [ | [ [ [ -
o : B _
= ~ ATLAS Preliminary May 2017 N
S - Single top-quark production .
o L t-channel
i
o
2 |

»n 10°E % ______ ==
» = -
2 C - ]
o = == NLO+NNLL atm, = 172.5 GeV]
o Y. g MSTW2008 NNLO PDF
X B g ~—NLO atm, = 1725 GeV 7]
E _ g MSTW2008 NLO PDF
S 10 =~ —
CIT = s-channel -
8‘ / 8 t-channel 4.59 fb™' PRD 90 (2014) 112006 I
= = 8 t-channel 20.2 fb™ arxiv:1702.02859 i N
@ { t-channel 3.2 fb™ JHeP 04 (2017) 086 = ]
g # Wt 2.05 fb™' pLB 716 (2012) 142 :
—— 1 =3 B Wt 20.3 fo™' JHEP 01 (2016) 064 —
n - f Wt 3.2 fb" arxiv:1612.07231 -

— ¥ s-channel 95% CL limit 0.7 fb™ ATLAS-CONF-2011-118 _

- £ s-channel 20.3 fb™ pis 756 (2016) 228 -

| [ | | | | | |
6 7 8 9 10 11 12 13

Vs [TeV]
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Introduction

Muon Detectors Tile Calorimeter Liguid Argon Calorimeter
/ h 1

| v
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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ATLAS measurements in this talk.

t-channel

tW-channel

s-channel
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Backup: Particle vs Parton level

e Parton level. ATLAS Simulation [+ SR \s=8TeV

* Before particles decay.

|y (®)l

1.30 - 2.20
* Measurement can be

extrapolated to full

phase space.
0.70-1.30

* Compare the results
with available
theoretical predictions
(not available at particle
level).

0.30-0.70

0.00 - 0.30

0.00-0.30 0.30-0.70 0.70-1.30 1.30-2.20

ly(ivb)
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Backup: Particle vs Parton level

ATLAS Simulation [+ SR \'s=8TeV

e Particle level. _

(+

* Leptons and jets are
reconstructed from stable
particles.

> Lifetime > 3x10"' s

|y (

- Leptons : P. > 25 GeV, Inl <
2.5.

- Jets: P> 30 GeV, Inl < 45.
- B-jets: P, > 30 GeV, Inl <
2.5.

* Before they interact with the
detector.

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

= Reduce modelling
uncertainties.

= Reduce dependencies from the
generators.

Pheno 2018. Pittsburgh
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Backup: t-channel uncertainties @ 8 TeV

Source Acqg(tq) [ ohaltq) Acgg(fq) [ ogalfq)
[%] [%]

Data statistics + 1.7 +2.5 Source AR [R; [%]
Monte Carlo statistics + 1.0 + 1.4 Pl stitietics +3.0
Background normalisation <0.5 <05 Monte Carlo statistics + 1.8
Background modelling + 1.0 + 1.6 Background modelling +0.7
Lepton reconstruction +:24 + 2.5 Tet reronstraction = +05

S ' 2 0 iss -
P moding 206

s tq (fg) NLO matching A5
Fla_x.*::.}ur tagg:lng Bl L LB fq (Ig) scale variations + 0.7
Ey™ modelling + 1.1 +1.6 T NLO matching +23
b /b tagging efficiency +0.9 +0.9 fF parton —— + 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 (Tg) scale variations +2.0 + 1.7 Total (stat. + syst.) +35.0
ft NLO matching + 2.1 +4.3
it parton shower + 0.8 + 2.5
It scale variations < 0.5 <05
Luminosity *:1.9 +1.9
Total systematic +5.6 +7.3
Total (stat. + syst.) + 5.8 + 7.8

ABM Rtis 2.5 above ATLAS measurement. ABM PDF set differs from others
sets in the treatment of the b-quark PDF and the value of alpha_s.
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Backup: t-channel uncertainties @ 13 TeV

Acrltg) Acltq) .. AR
Source g (6] ) [%] R [%]
Drata statstics +249 + 4] + 5.0
Monte Carlo statistics + 28 + 472 + 5.1

Reconstruction efficiency and calibration uncertainties

Muon uncertainties + (.8 + 09 = 1.0
Electron uncertainties = 0.5 + 0.5 + 0.7
JES +34 =41 + 1.2
Jet energy resolution =39 + 3.1 + 1.1
ETS modelling =09 + 12 <05
h-agzing efficiency =70 + 6.9 <05
c-tagging efficiency < (1.5 £ 05 + (L6
Light-jet tagging efficiency <05 < L5 <05
File-up reweighting +1.5 4232 + 3.8
Maonte Carlo generators
t¢ parton shower generator + 130 +14.3 + L9
g NLO matching + 2.1 + 0.7 + 2.8
tg radiation +37 + 34 + 3.7
tF. Wt. th + b parton shower generator +3.2 =44 + L2
t1. Wi, th + th NLO matching =44 + Bb = 4.6
tF. Wi, th + fh radiation < 05 + 1.1 + 0.7
FDF = 0.6 = {9 <05
Background normalisation
Moultijet normalisation +0.3 + 20 = 1.8
Other background normalisation + 04 + 05 <05
Luminosity + 21 + 21 <05
Total systematic uncertainty + 175 + 2.0 + 102
Total uncertainty + I7TR + 204 =114
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Backup: t-channel neural network

8 TeV input variables

Variable symbol Definition

m(jb)
()
mifvh)
mt(f 'E.‘}‘i )
|An( v, b))
m({h)

cos (L, j)

The invariant mass of the untagged jet (j) and the b-tagged jet (b).

The absolute value of the pseudorapidity of the untagged jet.

The invariant mass of the reconstructed top quark.

The transverse mass of the Iepmn—E.”r‘m system, as defined in Eq. (2).

The absolute value of Az between the reconstructed W boson and the b-tagged jet.
The invariant mass of the charged lepton ({) and the b-tagged jet.

The cosine of the angle. &, between the charged lepton and the untagged

jet in the rest frame of the reconstructed top quark.

2  0.2F at1as Smulation ©=8Tev IR S I  E=8TeV |

[ L i+ SR ] i—‘j | 1+ SR -

() i i f

Y s o q ] o £ ]

= 04 : — g 0 EWis -

E : it fF.WLtB o - e 1

a 01: : W™ sjets 7] E : o 5

5 E 2 0.05} e .

& 005F | E @ i - 1

= o M, ] E [

I 300 200 % 1 5 3 4
m(jb) [GeV] (]
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Backup: t-channel neural network

13 TeV input variables

Variable Definition
m(fvb) top-quark mass reconstructed from the charged lepton.
neutrino, and b-tagged jet

m( jb) invariant mass of the b-tagged and untagged jet

mr(f E%“”‘} transverse mass of the reconstructed W boson

Il modulus of the pseudorapidity of the untagged jet

m({h) invariant mass of the charged lepton ({) and the b-tagged jet

n({v) rapidity of the reconstructed W boson

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

cos87(f, j) cosine of the angle & between the charged lepton and the untagged jet

in the rest frame of the reconstructed top quark

Apr(fvb. j) Apt of the reconstructed top quark and the untagged jet

AR(L, j) AR of the charged lepton and the untagged jet
T ATLAS Simulation F=13Tev] B ATLAS Simalation E=13Tev ]
4B I+5R i ] i+SH ;
3 43 il 1 ® ozp | £ e 5 <
..':'_.I___':' I_' Wies ; .E i | | W et
% 0.2r H — At -:' %1 | { — Wi |
5 | [t ] = oF B ]
e e ] £ | | "
5 || i 8 I L
L 0 ' bt L D= R ——

100 200 300 400 500 0 200 400 600
miivh) [GeV] mijb) [GeV]
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Backup: t-channel differential measurement @ 8 TeV.

Cross sections at particle level (only top shown).

l'__| T T T T I T T T T I T T T T 5‘ T 1 1.1 I T 1 171 I T T L T I T 1T 1.1 I T
> 1F ATLAS {s=8 TeV, 2021 3 2 15F ATLAS s=8TeV, 20.2 1" ]
8 tq particle-level ® Data <f tq particle-level ® Data
-8_ —— POWHEG-BOX+PYTHIAG -8 = — POWHEG-BOX+PYTHIA6
e o 10F i
(=
ol =
ho] —
] 5t ]
oL 1 1 1 1
o g 19F ;
8 Q 1E o
= a : e 1
o F 1 s - ]
= 0.5F- - PowHEG-BOX-HERWIG -+ MG5_aMC@NLO+ HERWIG 0'56—' i POWHE;.";O%HEHW'G{“MGSj';A.Cs@NLo*HEHg'G E
0 100 200 300 : . .
p(T) [GeV] ly(t)l
I‘l__| _Illlllllhlllll1_ 3 Frrrr[rrrrrrrrrrr1o[1r11
% 1 F ATLAS 's=8 TeV, 20.2fb" 3 2 ol ATLAS s=8 TeV, 20.2 fb”
O] [ {q particle-level ® Data ] (F [ {q particle-level e Data
'8_ 1 — POWHEG-BOX+PYTHIAG | -8 = I — POWHEG-BOX+PYTHIAG
— 10°'F E = F
¢— I [}
8 -
o -2 L i ]
£10 of 3 ]
=
10 %k I 1 g 0 I Ly I
5 4 S
s ] o | _
= 0.5 :—- - POWHEG-BOX+HERWIG = MG5_aMC@NLO+HERWIG — 0.5F- POWHEGl-BOX+HERWI(.5 - MG5_aMC@NLO+HEfiWIG -
100 200 300 0 1 2 3 4
p.(T) [GeV] ly(7)l
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Backup: t-channel differential measurement @ 8 TeV.

Cross sections at parton level (only top shown).

|‘I__| : | 1 I I I || || | | I | 1 1 | :
- | ATLAS (s=8TeV,20.2 0" |
Q) 1k tq parton-level ® Data )
Qo . - . — POWHEG-BOX+PYTHIAG
Q .
| I
o= 107} *
Bl o~ .
©
1 0_2 1 1 1 1 I 1 1 1 1 I 1 1 ! 1 1
© " - n
S 1.5F -
o o
O 1 __'.'.'..'".:.1'.':::.."...4 _____________ -
= - e Tl
% 0.5F--NLO (MSTW2008) - NLO+NNLL -
©
©
)]
~—
O -
= 0.5k~ - POWHEG-BOX+HERWIG = MG5_aMC@NLO+HERWIG =
0 100 200 300
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L
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3
OIIIIIIIIIIIIIIIIIIIII
1.5F 3

- - -NLO (MSTW2008)

1 _-.- Y oy oo o fer -
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Backup: tW-channel fit impact comparison on uncertainties

. -0.1 | 0 0.1 i
ATL}-'lS |
ISR/FSR Wt
Jet energy resolution
ET** scale
JES modelling comp. 1
Luminosity
DR/DS
Electron identification
Pileup
NLO matching method - ,w’
ISR/IFSR tt : /
Normalisation tf] | ;i ;ﬁ w | o cane]
—1 0 1
Pull

—e- Pull (8-6,)/A8

+1o pre-fit impact on 1

/ +o post-fit impact on p
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Backup: tW-channel event selection and uncertainties @ 13 TeV.

Source Aow: [ow:[%]
At least one jet with pt > 25GeV, || < 2.5 Jet energy scale 21
Exactly two leptons of opposite charge with pr > 20GeV, Jet energy resolution 8.6
. ET™* soft t 53
In| < 2.5 for muons and |5| < 2.47 excluding 1.37 < || < 1.52 for electrons L'-FI; h,D .y 43
-tagging 3
At least one lepton with pt > 25 GeV, veto if third lepton with pt > 20 GeV Luminosity 53
At least one lepton matched to the trigger object Lepton efficiency, energy scale and resolution 1.3
Ef;‘i“ = 50GeV. if mer < 80GeV NLO matrix element generator 18
Different flavour ; Parton shower and hadronisation 7.1
Erve o 20 GEV, if mer > 80 GeV ; 2 = A
L3 f Initial-/final-state radiation 6.4
E%‘E-“'S > 40 GeV, always Diagram removal/subtraction 53
—_— iy = A0GeV Parton distribution function 2.7
Non-f background normalisation 3.7
Same favour 4ET““""" > Singy. if 40GeV < myp < 81 GeV
G if 81 GeV < myp < 101 GeV Total S}-'chr}lﬂt ic uncertainty 30
N Data statistics 10
2myr + E%“""‘ > 300 GeV, if mer > 101 GeV
Total uncertainty 31
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Backup: tW-channel BDT discriminating power @ 13 TeV.

3

E A ! E JTI- LI I LI l Ty 'I ] 1] 1] I L] '|+! :;].’aI.EI*:I 5 1]- 1b
_ Wi ] Wi : oy
2 fs=13Tev. 321" ﬂﬂ : = =13TeV. 320" ﬁﬂ Variable 5 [I{! —]
= 1jib Z+etl E‘t 1itb Zjels = -
= Im!-iﬁ i
E 600 Others 3 E Others Pt [{]g_f 5.3
H W Aptiyta, Emmj]} 2.9
) Y Et 2.7
i 4 -~
200k Aptlfifh E lmi\] 1.2
111_\'5 —Fn“j ) 0.9
E E ig T | LA L | |T';:$éj-|£!lr|st| T | . -| T T 7T f |: Ci{] {2 {19
& o ’ E miss
% : z % 1 'F"HT‘;"'_‘I—T'*";""—E—‘TH_+ Aprity, ET™) 0.8
o P T | D B R T O 8% L | = EPRPEPE EFEPRTE S TR 5
010 20 50 40 50 60 70 BO 90 100 60 40 20 r.} 20 40 60 BDT discriminant 8.6
P2 (14 ET% ) [GeV] Ap{1 2, ET=] ) [GeV]
2j1b
Variable s[107?]
:E .......,...,.1...-.;.. T vuzamﬂ..............,....4...-...- ﬁ\s{{ 1.7
F-“imm ATLAS E!uamzﬂfﬁ = ATLAS ¢ Data2015 pr (tifa) :
o - F ..1 wi = : E: AR({ 16y, EFISS iy o) 1.7
b s=13TeV, 321 —1 : fs=13TeV, 321 ARG v
™ 2jib Z+jets E 2ib
"g‘ mifyja) 14
2 Aprlty fo. ETSS) 14
Aprify i) 14
mify i) 1.3
prify) 1.3
o (pP )b EDSS ) 12
AR ) 12
: L] T L DL L ] ¥ T T T T T ¥ ¥ T L S ¥ T 1 [ LI T LI L T a1 F ¥ L T L | <5 '.) {-
E ‘E:E I I H-Dmlﬁ'ﬁ:ﬁi. I ! l = E *:& : Total Lﬁt | I P-:ijs_\»l][{ £ Eml\\. ) sz
a 1.2 3 i b e alpp Nyta iz :
g o Jf e i G e e o r o g od ,,#——;—*ﬁumr—,—.*rr*riﬁi—i—t . .
D ﬂ.ﬁ‘ k 11 I 1B 1 I i 1 1 I 1 11 : L1 1 I il 1 I 1 11 I I_ D U-ﬁ' 11 il [ 1 i 11 1 11 11 I 1 - I 1 il 1 I 1 11 1_ J”f{1j]] {1_3
1] 20 40 60 80 100 120 140 1.5 2 2.5 3 3.5 4 4.5 ({' o) 1
mifaja A
Iy fTESS » 4
Py 015 [Gev] ARl BT ) BDT discriminant 109
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Backup: tW-channel differential measurement @13 TeV.

>
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9,
S)
iy ; |
9
5
=
©
~~

Frrrrprrrrrrr 1|1t [ [ T T T T T T 1T

- ATLAS ¢ Data .

0.01— Vs =13 TeV, 36.1 b Total uncertainty —
- —— Powheg+Pythia6 (DR) -

- ATLAS ¢ Data
0.01— {s=13TeV, 36.1 fb™ Total uncertainty ]

—— Powheg+Pythia6 (DR)

0.005_ ! | |
} T | : 0.005_— + —:
i f [ _

(1/0)(do/dm(#, b)) [GeV ']

L ° - B ° _
11 I 11 1 1 l 11 1 1 I 11 1 | I 11 1 1 l 11 1 | I L1 1 1 I L1 11 I | T - I L1 1 1 I.I | 1 | L1 L1 | L1 | L1

2 ' ' ) ' ' ' A= — ' ' ' ' ' ' ' —]
- —— Powheg+Pythia6 (DR) ------ Powheg+Pythia6 (DS) 3 2; —— Rowheg+Pythiaé (DR) ------- Powheg+Pythia6 (DS) J
1.5 — — —]
8% - - 84‘9 1.5: -
aQ 1E L] 1 X S 1E | [ -
0.5 = 0.5 -
2__ T L DL L B L LR AL R L R L L R R L R B R R B __ 2__ L E L I A EO A L LR R B R R S I 3
- —— aMC@NLO+Herwig++ Powheg+Herwig++ J C —— aMC@NLO+Herwig++ Powheg+Herwig++ J
5 1.5E — 1.5 =
gelfu 1 ] ols - u
ofw  F e 1 8E  f | g
a0 1E ' | -4 alo 1E by .
0.5 = 0.5F | =
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Backup: tW-channel differential measurement @13 TeV.

- L L DL B L B L L L L ".‘_| I I I I I I I I I I I I I | I I I ! I I I
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5(:1 L —_ Powheg+Pythia6 (DR) - 38 0.004— — Powheg+Pythia6 (DR)_
X 0.01— — % L I _
s - + 1 © i + _
S I 1 3 | ]
B i 1 ®
= B ] — 0.002— —
~ 0.005 —
i | N ¢ i}
== . _ o , :
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Backup: tW-channel fiducial measurement @ 8 TeV.

L L L L L L L U“{‘E”ai“l}' II]'I.[‘I-E!_{_‘[ o1 ,&l"l.d Ii‘l;.i.]
' -1 2 =
ATLAS V\s=8TeV, 2031 Statistical 1.0
Measured fiducial Wi+t cross-section ' - 1 I_,unﬂnnz:..il_}.' 3.1
i ot uncerainty Theory modelling
Stat. uncertainty
ISR/FS5R 4.2
Predicted fiducial cross-sections: ; s
Hadronisation 0.8
PowHEG-Box+PyTHIA DR CT10 o . :
" at NLOANNLL, " at NNLO+NNLL NLO matching method 0.7
POWHEG-BOX+PYTHIA DR CT10 = - 4 PDF <0.1
@ andol aNLO Ratio Wit /if 2.2
POWHEG-BoOX+PYTHIA DSCT10 i = =
o™ and o" at NLO DR/DS 0.1
PowHEG-Box+HeErwic DR CT10! - i Detector
::cgr:; Nl:o DR CT10 At 9
+HERWIG b - |
&™ and o* atNLO Le pton 2.3
MC@NLO+HerwIG DR MSTW2008 | = = E%““ 0.2
" and o' at NLO -
_ b-tag 2.3
MC@NLO+HERWIG DR NNPDF 2.3 I & 1
o* and o* atNLO Background norm. <0.1
||||L||||||||||||||1||1|l||r|t||| '..i..l' E','..|l
0.3 0.4 0.5 0.6 0.7 0.8 0.9 ota -

Cross-section [pb]
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Backup: Polarization definitions and results.

. JEH Asymmetry Angular observable Polarisation observable SM prediction
T W t e— =
op Spin momentum —%
psp : Alg cos JarP 0.45
along in t rest e ” e
tat f AFB cos By cos Hlp 'gP{FR + Fp) 0.10
Spectator ram
P ame Ari cos §? 3(S:y =3 (Fr— F1) —0.23
quark ‘ ; )
momentum int \ o % A cos ) 2 \ﬁ (To) = & (1 —3F) —0.20
5 \ 7]
. - T T 3 :
o || . AN 7 3
-r.momentum In AEB cos 6 Aok A
) T e # & _ ; - A
= W rest frame AF‘B cos f; cos qu-T ;r':Al) 0.14
T (%) ' A";E‘b cos f; cos ¢y, ::T'_'[:Aj} 0
t T T T I T T T I T ¥ T I T T T I T ] Ll T T ! I T ! | T T I T | T T r '
ATLAS ATLAS
[s=8TeV 20.2fb’ {(s=8TeV. 202" i A.FB
i <S> —— AF\;‘
——— «Ty» =t Arg
- <S,» - Age
—p-@—  <Sp il AFE
st <Ay =l AIE
# SM prediction - CAp e + SM prediction HE;
Stat. uncertainty — Stat. uncertainty T
— Total uncertainty =t — Total uncertainty Aca
| I T AT T T B A PIET 8 T A A oAt YT ART LR | 4 gl T T | i | =
-06 04 -02 0O 02 04 06 08 -0.4 0.z 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.

] ] ] L] .
* Exactly two jets, one being tagged (2j1b). Uncertainties
° : ] ;
MET > 30 GeV Uncertainty source '&AFFB x 107 Uncertainty source QA‘;B x 107
Statistical uncertainty +2.6 Statistical uncertainty 2
- M. (W) > 50 GeV. e el uncens
o PR 1 S /S - : ; : . : Simulation statistics 1.7 Simulation statistics +1.3
e ATLAS E=BTeV, 202 &' < ATLAS E=BTeV,202 5" Luminosity <0.1 Luminosity <0.1
@ > oauziz ] £ ¥ | Cida 20 12 Background normalisation +0.5 Background normalisation +0.4
"7 = @ s . e .
@i —F i ET™ reconstruction 5 E™ reconstruction Ha
e : +1.0 - +0.1
Evvz«jes N Lepton reconstruction 04 Lepton reconstruction o
sz 2
) S MUt une. Jet reconstruction +2.1 Jet reconstruction +0.8
Jet energy scale J_r}; Jet energy scale ig:‘;
Jet flavour tagging +0.9 Jet flavour tagging +0.2
PDF 0.2 PDF +0.1
ap 12 ) o aw 12E o e If generator +2.3 {F generator +0.2
g[,? i:uétw‘w’m‘ e i 3|§ M‘;i e %’2%’%@#{% 1T parton shower 0.6 1 parton shower +1.5
0 05 1 15 2 25 3 B85 4 45 [ 1 2 3 4 5 [ ¥ scales +0.2 17 scales +0.3
miM Ang.b} Wt, s-channel generator +1.0 Wt. s-channel generator +0.2
. . Wt. s-channel scales +0.9 Wt. s-channel scales +0.6
o N A 3 ? ;
In(j)l > 2 IAT](J' b)l > 1 '5 t-channel NLO generator +14 t-channel NLO generator +0.3
t-channel LO-NLO generator 1.5 t-channel LO-NLO generator +0.5
f-channel parton shower +0.5 t-channel parton shower +0.7
f-channel scales x1.1 t-channel scales +0.9
= POO0OF T T T T T T T = -3 L T T T T T] . - ’
& ATLAS {5 =BTeV, 2020 & e ATLAS E=8TeV, 2020 W +jets. multijet modelling J_’;j Wjets, multijet modelling ﬂz
= & Daia 2012 w élam:solz £
et - = i . : 5.4 . -
- 15000p — 5 - 15000 — P 1 Total systematic uncertainty 1 Total systematic uncertainty ﬁ'g
£ ¥ £ i -
2 .o g —
@ gpoof - ey ] W yo000F v 1
] sm et una B S M U
L] 5000
L] L] - -
] J * Main systematics: ttbar modelling, jet
I ] amamsmssenrennesevrereentenont S T — calibration, MC statistics.
50 100 150 200 250 300 350 400 450 100 200 300 400 500 600
milvb) [GeV] Hr(l.J.ET™) [GeV]

¢ 130GeV < m(lvb) < 200 GeV « H,> 200 GeV
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Wib vertex using t-channel @ 8 TeV.

 Probe Wtb vertex structure in the t-channel using N(cosd > 0) — N(cos 8 < 0)

. A =
angular asymmetries. B~ N(cosf > 0) + N(cos@ < 0)
g, s . _ g —igig,
ih = ——— by (VLPL + VRPR) W, — b PL +grPr)IW, +h.
Lwit "= ¥ (VLPL + VRPR) W, ¥ - (gLPL + grPR) 1.C. n the SM:
« Main backgrounds: Vi = Ve

anomalous couplings = 0.

= ttbar, W+tjets.

« E_MS used to supress multijet contributions.

« Combined maximum likelihood fit over signal and control regions.

LN TR LT T o R Y TR LI B B w S P B T3 r S sy B | ELES I BB LS R
15000 él:n:raa:m:! ATLAS 7 E Iélzmxm ATLAS
e } el R — " )
I 5=8TeV 202ib u:j 10000F B wiss Is=8TeV 2020
i Signal mgion B ;; Signal mgion
B w == B v e
10000 [ vy -24es g B vV s
i B e
EE] stat + iifei onc ] stat s Muigeione
R B e R R 5000 : ekt
5000 -

1.05¢ . il i | Bl VI e o o
A B LIl
1 0B 06 04 02 0 02 04 06 08 1 1 08 06 04 02 0 02 04 06 08 1
cosh cosal

« Unfolding to parton level.

« A_Nand A_'used to set limits on anomalous couplings and compute top-quark polarization:

Im(gg)€[—0.18,0.06]at 95% CL o, P=0.97+0.05(stat.)=0.11(syst.)
if V,=1;Vy=g, =R e(g )=0 a,=0.998 (at NLO) P,=0.91(atNLO)

Pheno 2018. Pittsburgh 34 7-9 May




Backup: s-channel total measurement @ 8 TeV.

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

backarounds.
2
E . Dem ATLAS 1
5-C S ; —
@ 12000 g Fehannel 5-8Tev, 203" & teor ! ' ian
N -“ﬂ W+J-E"[,5 reg}nn i g L & [aia - baokground = o
- =§+im - (Ll | 5=8TeV,203 " 1
e Em?m = 100 S R — Signal regicn =
i | Post-fit uncertainty 2 B
5000 F ?
- - i 7 o
A: _L,WLMT#]
H % T » T
B 102 I - ik : . .
O yoobE i e e
3 I 2i ¥ : 00002 00018 0058  0.102 0.187 1
& 080 , E P(SIX)
-1 +1
« Main systematics: Lepton Charge

> MC statistics (12%).
- jet enegy resolution (12%) .
> t-channel modelling (11%).

Pheno 2018. Pittsburgh 35 7-9 May




tZq @ 13 TeV: event selection and main uncertainties.

EVENT SELECTION:

Commeon selections

exactly 3 leptons with (]| < 2.5 and pp > 15GeV
prf,) > 28GeV, py(£5) > 25GeV, pr(f;) > 15GeV
prjet) = 30GeV
myp(fy.v) > 20GeV

SR

Diboson VR/ CR 1t VR

= 1 OSSF Pair
|lmpy —mz| < 10GeV
=2 jets, 7] <4.5
=1 b-jet, In] < 2.5

= 1 OSSF Pair
limgr —mz| < 10 GeV
=1 jet. 5| < 4.5

= 1 OSSF Pair
lmep —mz| = 10 GeV
=2 jets, || < 4.5
=1 bjet, || < 2.5

VR/CR: m(£y.v) > 20/60GeV

<t LR T T T T RN BE LI I = >
: 50— e Data —] o)

(e»] — =
e . ;\_TLAS 1 t2q - O]
(2] L Vs=13TeV, 36.1 1 7 o o
£ 40 ' ] tt+.tW 7 ~
o — Signal Region Z+jets ] ~
AT » Diboson . 12
30 W TVt TH+tWZ— 5
- Uncertainty u>J

20 =

10 —

. 0 .i»‘;vlfm'.&‘miwii%fﬁfl%imwm‘.w.n‘.,.,... T
© g ' ' ' ' ' E 5
1.8E = o
(O] E = ()]
= 1;_ + .......... * .......... + + ...................... + ............................................ I_; et
S os5p R ¢ ¢ ¢ ¢ 1 4
g 0 05 1 15 2 25 3 35 4 45 =
()l ©
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UNCERTAINTIES:
Source Uncertainty [“c]
tZq radiation +10.8
Jets +4.6
Luminosity +3.2
if CR b-tagging +2.9
> 1 OSOF Pair MC statistics +2.8
=5 _l - Leptons +2.1
=2 jets, || < 4.1
=1 bjet, Iy < 2.5 tZq PDF +1.2
- ET +0.3
SAEREREE B B B L L R B B =
90E- ATLAS * ?Z"g"" 3
80 ;— \s =13 TeV, 36.1 fo’ B W —g
70— Signal Region Z+jets —
60E- Diboson =
= B tiV+TH+tWZ
50 = Uncertainty ™
40E- =
30E- =
20F- =
=
O_:- Ly \!1 P !\'\ P ————\-n—n—\
1.5 . t E
1;_ ..................................................................................................................................... _g
0.5 ¢ PR . + ¢ 3
0 20 40 60 80 100 120 140 160 180 200

p_ () [GeV]
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