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The top-quark

Pair Production Single Production
+ The only ‘bare’ quark

+ Yukawa coupling to Higgs ~ O (I) g

Y

+ Important to test the SM P00

S
Sl
~

"00000—— g

+ Top-quark pairs + vector boson

probes electroweak couplings in the SM %t b w

+ Produced in either pairs or as a
single quark

+ Decays almost exclusively in Wb pair Top-quark decay

b b
+ Top-quark pair decay channels ‘,\//\/; z % 7
t - t
W v W q

depending on the
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*+ Top-quark pair production
» in dilepton(ep) channel events at ﬁ =13 TeV

» differential cross sections in lepton+jets channel at \@ = 8 TeV

» associated production with Z/W in multilepton final states at\/g =13 TeV

* Single top-quark production
» inclusive cross section in t-channel at \/g =13 TeV
» cross section in Wt-channel at \/g = 8 TeV

» evidence in the s-channel at at \/g = 8 TeV
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Pair Production




Pair production cross-section using ep events
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+ A very clean signal U teo0f- 15 =13TeV, 3.2 =mwo o

16000 [l Ztjets =
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» one isolated ¢* p* pair 14000 B Mis-Dlepton

— — Powheg+PY 7

. 12000:— P ® ---- aMC@NLO+HW++

» one or two b-jet(s) oo e Powheg+HW++ =

— -+ Powheg+PY radHi -

. 8000 [— -= Powheg+PY radLo_

» leptons and jets P7>25 GeV, ‘77|< 2.5 - . -
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+ Backgrounds: mostly from simulation 2000 = =

+ —

s 18— . . N

» Wt I - [ Stat. Uncert. ]
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» diboson Ny tag

» misidentified (fake) lepton events ->data

= L 047 €y 265(1 — Cpep) + kag

T . . . . 2 bk
“ {t purity in the simulation: Ny =L oy €y Cp € + Ny °
»  with one b-tag -> 89% €ey ¢ Efficiency for ep selection
3 1 - - Cp : Correlations between the two b-jets
with two b-tags -> 96%

€b . b-tagging efficiency

N. Bora Atlay, 11.07.2016 Top-quark production measurement at the ATLAS ICNFP 2016, KoAvprap, Kpnty 4



V/s= 13 TeV

Pair production cross-section using ey events 3.2 fb

arXiv:1606.02699

<+ The inclusive cross-section reads:

o, = 818 £ 8(stat.) + 27(syst.) + 19(lumi) + 12(beam)pb

+ To be compared with Otheo — 832J_ri8pb (NNLO+NNLL)

T | T T T [ T T T |
® ATLASeu \s=13TeV, 3.2fb" ATLAS

—k
o
w

+ Systematics are dominated by: m ATLAS ou (o2 8 ToV. 203 fb"
wiss= , 20.

tt hadronisation A ATLASey \s=7TeV, 4.6fb"
tt NLO modelling

misidentified leptons

Inclusive t cross-section [pb]
|

single top / tt interference

—— NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

parton distribution functions

my,, = 172.5 GeV, PDF ® o uncertainties according to PDF4LHC

10°0
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Differential Cross Section in |+jets Channel 20.3 fb” \/_ 8 TeV
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+ {1 production w.r.t. different kinematic variables to test the 2 1400 . — ﬁ\;é}gz/wz =
2 - Fake lept. ]

SM at the TeV scale 3] 1200F - S?atigry)tst_ e
1000 —
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Differential Cross Section in |+jets Channel

+ Results unfolded both to a fiducial particle-
level (PL) phase space and to the full phase
space

—
o
o
o

203fb" /s=8TeV

arXiv:1511.04716

Q w0~ ATLAS Simulation o =
— 450 [— o
+ Unfolding to a fiducial PL phase space and & #of 80
. . . E 350~ 70 5
using variables directly related to detector — & s
=l 1 4|24 89 12 i
observables = 13 238 12
8 el 1 321 64 11 50
° . ° . e 3 21 12
» allows precision tests of QCD, avoiding 3 d | ! Bl s
[ - |_ B | —
large model-dependent extrapolation — el ST 4
. B =20
corrections D1 1afi8 16 .
10071 18 1 —10
25 ]
. . . . JOE8 2 g
+ A mlgrathn matrix to map the binned 0 25 50 75 105135 165 195 230 265 300 350 400 450 5001000
. t,had
generated particle-level events to the p."* [GeV] (detector level)
binned detector-level events
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Differential Cross Section in |+jets Channel 20.3 b’ \/s=8TeV

arXiv:1511.04716 (2016
“* Good agreement with the predictions over a wide kinematic range ( )

“ Most generators predict a harder top-quark transverse momentum distribution at high values
than what is observed in the data

+ Agreement for this observable improves when NNLO corrections are taken into account

+ Uncertainty dominated by jet energy scale, b-tagging, tfmodelling
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Differential cross-section of highly boosted top quarks 20.3 fb \/g =8 TeV
Phys. Rev. D 93, 032009 (2016)

- . . ;‘ T “‘l |
+ BSM {t production can distort top-pp atg 10° %;;‘T’-AS 203f% s=8TeV
. . Fe) — Full phase-space -
high p7 region £ [ Data ]
o NLO QCD from MCFM
5 10E o Uncert.: PDF @ scales ® o =
B:: = A v MSTW2008nlo -
. o - AL o HERAPDF15NLO ’
+ Precise measurement of boosted top-quarks L oot . NNPDF23nlo -
might reveal hint for BSM : ot .
107 - =
= r— s —— 4=
K3 Lept0n+jets Channel using hadronically% T T S S S S I AU EPEFE
. . @) I ]
decaying top-quarks with P71 > 300 GeV 5 P i |
& 1%*“#“ S5 e ) s B B
05_ ............................................................................................................................................ —
+ Boosted top-quarks reconstruction |
. . . 300 400 500 600 700 800 900 1000 1100 1200
anti-kr with radius parameter R = 1.0 Top quark p._[GeV]
<+ Cross-section as a function of top-quark . . ..
P-4 pT + The predictions of a majority
of NLO and LO ME Monte
+ The measurement uncertainty dominated by Carlo generators agree with
jet energy resolution of large-R jets. the measured cross-sections.
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Pair production in association with Z/W boson 3.2 fb V/5=13 TeV

3

. R . rs o
< Allow to extract information on the neutral current coupling of the top-quark( tt Z )o

“ Important checks for the validity of the SM at the new energy regime ~13 TeV
% Three channels based on the number of reconstructed leptons:

1. Same-sign dimuon analysis (2p-SS): W/
two muons P17 >25 GeV, E$i33>40 GeV, Hr> 240 GeV, =2 b-jets

2. Trilepton analysis: tt_ Z th

Variable 3(-7-1b4;] | 30-7-2b3j | 30-7-2b4j |) 30-noZ-2b

ATLAS-CONF-2016

Leading lepton p > 25 GeV

Other leptons’ pr > 20 GeV

Sum of lepton charges +1

Z-like OSSF pair |mee — mz| < 10 GeV |mee — mz| > 10 GeV
Niets > 4 } 3 ‘ > 4 > 2 and < 4
Np—jets 1 > 2 > 2 > 2

3. Tetralepton analysis: tf 7

Region 7, leptons P34 Imz, — my| ERis Npjets

40-DF-1b  e*™  >35 GeV - - 1

40-DF-2b  e*u* - - - >2
>10 GeV  >40 GeV

<10 GeV >80 GeV

> 10 GeV -

<10 GeV  >40 GeV

4¢-SF-1b  e*e™,u*u* > 25 GeV { 1

4¢0-SF-2b  eFe, utu™ - { >2
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Pair production in association with Z/W boson 3.2 fb

\/5=13 TeV

ATLAS-CONF-2016-003

Events

(2mu-SS) Trilepton Tetralepton
Dominant background: Dominant .
fake leptons. background from Dominant
diboson, background from
Backgrounds from the tZ, diboson. |
production of prompt Z+jets w/ fake %
leptons w/ correct lepton, Backgrounds w/ fake ¢
charges come from WZ leptons estimated

from simulation and

The fake lepton bkg. is| corrected w/ SFs
estimated using matrix from CRs.
method.

Events

The fake lepton bkg. is
estimated using matrix
method.

%+ Backgrounds containing prompt leptons are modelled by
simulation.

Data / Pred.

< Normalisations are estimated from data when possible.

- [ [
20~ ATLAS Preliminary -#-Data
C \s=13TeV, 321" HtW
18—
C 7z
16— twz
- [l Other
14— 72 Uncertainty

12
10—

Trilep ;

.lttz -
Bwz
Mz

BiH ]

Fake Ieptonsf

SR

o \S] » D o
TTTT T T T T ]71

3 4 5

>6
Number of jets

9 ATLAS Preliminary -¢|-Data

E \s=13TeV, 321" W

8 77

- twz

[ Other

77, Uncertainty

=

=  |Tetralep, SR -

[ 4 —
mwz .
V4 3
[ i) ]

Fake Ieptons_:

15 £

05 |

1 4//%////%////74/%//74////-/////-/////-////7‘////7‘///%////7‘////%///7%

1
Number

>2
of b-tagged jets

N. Bora Atlay, 11.07.2016 Top-quark production measurement at the ATLAS ICNFP 2016, KoAvprap,, Kpnytnn 11



Pair production in association with Z/W boson

3.2 b

\/5=13 TeV

+ Expected yields after the fits: in the relevant SRs
and two CRs used to constrain WZ and ZZ.

+ From a fit to eight SRs and two CRs:

o5, = 0.9+ 0.3 pb

OttW

QCD theoretical predictions:

1.44+ 0.8 pb

<+ Both measurements are consistent with the NLO

Events

Data / Pred.

10°
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107"
1.5

0.5

Post-Fit

| | |
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\s=13TeV, 3.2 b’

| [ | |
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7z miz

twz B iH
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7 Uncertainty

?yﬁ/////ﬁy/%//;}% /%//i////ﬁ%///%

Ly 9 3iz Lz Lz 3oz Lo, Hsp, Lor HLpp.
o = 0.76 = 0.08 pb ,
tt Z p g - ATLAS Preliminary | #Data [ [
thGO o L ] T B \sos=1el, TeV, 3.2fb" I;\;V =V;/Z
O-ttW - 0057 — 0006 p D 102:— PostH .tWZ .ItH =
— Other Fake leptons ]
Uncertainty Oz Ouw C Lz ey i
Luminosity 6.4% 7.0% o
Reconstructed objects 7.0% 7.3% =
Backgrounds from simulation 5.5%  3.7% L
Fake leptons and charge misID  3.9%  21% [r——
1= —
Total systematic 12%  24% T s E | | E
Statistical 2%  51% S s
8 0.5 g— | l I —g
Total 34%  56% ’ Ly, . 2z, 34~noZ~gb U-Sg
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Single Production




Inclusive cross section single top-quark in t-channel 3.2 fb

V/$=13 TeV

<+ Dominant single production channel

<

KX

KX

Fraction of events / 20 GeV

m1Ss

One muon, F7

, two high DT jets, one b-jet

Signal discrimination using neural network (NN)

Most discriminating variables: reconstructed top-quark mass

and jet-pair mass

Binned maximum likelihood fit to the NN output

—r—r— T — -
[ ATLAS Preliminary Vs =13 TeV _ % | ATLAS Preliminary \s=13 TeV i
. Simulation - SR p* — tg.1q . Q) | Simulation - SR p* — tq1qg ]
0'3-_ J_ — tt,Wttb . 8 0.2 B — {T,Wt,th -
I W-+jets ] B i ] W-+jets 1
- — Multi - = - [ T i
0.2 - - ultijet 5 S I | Multijet i
L m - q>) B I 7
- - 1 5 0.1_— ;
0.1 - 0 1 < |
i i O i .
I Ej i "c"cé - _I=I_|=_LLI_|:'_'—|~I__J
O- L ,J= o 3 1 4 . LIL_ OE L L . L L L L T ——
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ATLAS-CONF-2015-079

m [GeV]

40 600
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: : : . -
Inclusive cross section single top-quark in t-channel 3.2 fb \/g =13 TeV
ATLAS-CONF-2015-079

+ Most important backgrounds: {1 events, W+jets

> Frrr.1 rrrrrJrrr1 =
[ imi 13T v > 1
*+ Smaller backgrounds: s-channel, Wt-channel, O 4000:' ggﬁs rrelminan . \Satas vzt _
o : | M (9.tq :
diboson and Z+jets < 3000F Z e h
7)) [ + . i
- - [] Z+jets,diboson
. . - i .
* All backgrounds except QCD -> simulation based andg ook ) Postit uncertainty 3
scaled to the SM predictions - [
1000}
<+ After maximum likelihood fit: :
. O-
. B 12
o1, = 133 £ 6(stat.) £ 24(syst.) & 7(lumi.)pb Y SEEE
& 0 100 400 500
. (]
oig = 96 £ 5(stat.) £ 23(syst.) £ 5(lumi.)pb (|Vb) [GeV]
g —AlTLll\S IIDrellimir;aryl L Dlecelmbe|r2015—
_§ t-channel single top-quark production
+ Measured cross-section is proportional to | fiv * Vi |? 4
o 102
% | fiv * V| is extracted by dividing the cross-section by g
the NLO prediction: .
¢ 4.59 b PRD 90 112006 (2014 %
| fiv + V| = 1.03 = 0.02 = 0.11 = 0.02 = 0.03 Ml .
(Stat.) (Syst.) (theOo) (lumi.) 10_3'1’”“07 D ICTll Mlsixé%g;nileNPDlF II(PDFILHC)I | |
5 6 7 8 9 10 11 12 13 14
Vs [TeV]
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Single top-quark production in Wt-channel 20.3 fb” Vs =8TeV

JHEPO1 (2016) 064

+ Production via b-quark-induced partonic
channels

gb—> Wt —>WW~b

+ Only one b-jet in the final state is a

. . ) > — I I I I l I I I I I I l I I I I I - —
distinctive feature g "°OL amas ¢ Data .
© 1000 \s=8TeV, 20.3 fb" Wit -
> - 1-jet 1-tag Wit -
+ Two opposite sign high-pr leptons, E7*55 5 800 ’ WOters ~ —
PP & & Pt iep |.C|l>.|) - ‘ ¢ 72 Uncertainty -
and one high-p7 central b-jet 600 [ ¢ =
400 — —
+ Signal separation through the use of a 200 | -
boosted decision tree (BDT) algorithm in _
ie;
the TMVA* framework £
< /
5
0 150 200

p, (1) [GeV]
* Toolkit for Multivariate Data Analysis
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Single top-quark production in Wt-channel 20.3 fb” Vs =8TeV

+ The BDTs are trained separately in three regions, Ijet-1tag, 2jets-1tag and 2jets-2tag
using simulated Wt (signal), and ¢¢ (main background) samples

L LA R L e | = Ln = T T LA LA | = Lo [ L L L L | ]

Q ATLAS ¢ Data 4 2 1600 A LAS ¢ Data — < - ATLAS ¢ Data 4

S 700 \s-gTeV,20.3fb" wt = S 00F \s=8Tev, 203" Wi 3 2 1200 g g Tev, 203 1b" wt .

*2 600 + 1-jet 1-tag m t = g - 2-jet 1-tag . Bt = *2 1000 - 2-jet 2-tag it A

o Post-fit I Others 3 © 1200 F Post-fit I Others = o - Post-fit ¢ I Others .

D 500 7z Uncertainty 5 (7] = 2z Uncertainty 94 |3} = %7z Uncertainty -

3 1000 — 800 ]

400 — - B 7

= 800 = 600 — —

300 _: 600 1 o n

= = 400 — -

200 - 400 - - 7

100 = 200 = 200 E

T 12 i e e Jd © D I o T2 2 e R I ]

;L_) 1 }_‘_ e LY 4 ® & [ ) Fom ') +///,+/7‘ ;Lj 1 ;.,. ° @ g ° [ ] PO ' ad s //*////*/7‘ SL'_) 1 E«-./.?./.,a./.,#./.f.,.,..,.M.,....,.,.,......,.......‘.....‘.‘..‘...,.!,. o 2 ///t/////*//f

E O 8 e ................... e s s N R e — (\_.E 0 8 e : ........................ .......................................................... ] E 08 __ ........................... e ]
CDU -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 fDU -0.2 -0.1 0 0.1 0.2 0.3 <D‘5 -0.3 -0.2 -0.1 0 0.1 0.2

BDT Response BDT Response BDT Response

< A profile likelihood fit to the BDT classifier utilising all regions
3.2 :
owe = 23.0 &+ 1.3(stat.) "5 ; (syst.) & 1.1(lumi.)pb

| fiv* V| = 1.01 £0.10

77|< 2.5 and
Em288> 20 GeV

owe = 0.85 & 0.01(stat.) T 0~ (syst.) # 0.03(lumi.)pb

+ Jet energy resolution and I/FSR are the dominant uncertainties
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/s =8TeV

Evidence for single top-quark in s-channel 20.3 b
Physics Letters B 756 (2016) 228—246

+ Sensitive to new particles in several :
*+ Lepton+jet channel

models of physics beyond the SM such as:

. q t
charged Higgs, 1/’ boson » one iso. e or p W
» large E7'5S , _
+ Important role for anomalous coupling 1 b
models in an effective quantum field » two high DT b-jets

theory*

%+ Signal extraction using matrix
+ Theoretical calculations are available in element method
NLO QCD including NNLL correction

0 T T T T T [%} T T T T T
5 T ATLAS ® Data 7§ 40007~ ATLAS e Data ~
> e _ -1 I s-channel T > Z I -1 I s-channel -
i | 1s=8TeV, 2031 —iriiuii 1 o - \\; -8 TeV, 20.3fb e A ]
| ttregion B Wt ] +jets region B Wt 7
1000 A 3000 % : —
_ L _ Z — 1 i
. N . V‘ W+jets light flavour N - W+jets light flavour -
’:‘ M aln b aCkground S L PY I W4_-jets h_eavy flavour | % | Wq_-iets h_eavy flavour B
Z+jets, diboson 2000 Z+jets, diboson —
- B B Multi-jet T I Multi-jet =
> tt 500— Sim. + norm. uncertainty — Sim. + norm. uncertainty ]
f— . - —
- 1000 ]
» WHjets ]
0 0 —
g 12F R R I . I I R I — 8 150 ]
£ ® 3 : 7
% 1_0;#-.-.-...._.-.’_4__-1-.-.’-..¢.-¢._Q_Q_Q_-.-#._Q_t_#-+._.§;-.+_.+E %‘ 1.05 G, 4, 4 4 444,44, 4
S 08F = 5 - ]
(@] I 1 1 1 I ] a 0.5 I 1 I 1 —
* 0.0002 0.0018 0.058 0.102 0.187 1 0.0002 0.0018 0.058 0.102 0.187 1
Phys. Lett. B658 (2007) 50 P(S) P(S
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Evidence for single top-quark in s-channel

20.3 fb

/s =8TeV

<+ The result of the maximum LH fit

o, = 4.8 &

“ The signal contribution for the matrix
element discriminant in the data (all

0.8(stat.) 'y 3(Syst )pb

backgrounds subtracted)

% The largest uncertainties:

» the limited sample sizes for data and the

simulation

» jet energy resolution

» modelling of single top t-channel

%+ Obs. sig.: 3.26 (Exp. 3.90)

|va . thl = 0.93 +0.18/-0.20

Events

Data/SM - 1

Events

1500

[ [
-1 ATLAS Preliminary .
j Ldt = 20.3 fb . Data ]
la ] h | i
\s =8 TeV B t.channel
|+jets Wt ]
1000 = _
I W+jets i
[ Z+jets, di-boson |
B Multi-jet
7777 Post-fit uncertainty .
500 —
o
0
0.1F
0.0 W(%W}MWWWW
-0.1F
00002 00018 0058 0. 102 0187 1
. P(S|X
Post-fit ME disc. ~ "®%
150 T I [ I
| ATLAS Prelimi 14
I S Preliminary I Ldt=203f0" ]
i e Data - background i
100 |:| s-channel \s =8 TeV —
B Post-fit bkg. uncertainty l+jets _
i 74
S0~ / 7 1'14,
— ) ) . //%//, s
7 % 7/ / X Ar‘///’/ / |
i :
0 a |
_‘ Z -
_50L | | | | ]
0.0002 0.0018 0.058 0.102 0.187 1
P(SIX)

Post-fit ME disc. bkg. subtracted
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Latest result for pair production in dilepton(ep) channel

Differential measurements of the top-quark transverse momentum and kinematic
properties of the {{ pair including results using boosted top-quarks

Pair production in association with Z/W boson

- | | | | | | |
— ATLAS Preliminary December 2015

| single top-quark production

t-channel cross section at 13 TeV

Inclusive and fiducial cross sections

Q'

L

C

O

9
» 1 0°E —
L ] L ] : t_ h I :
using BDTs in Wt channel q | = -
B - v == 2L81h;228223(2010)10, CPC191(2015)74 —
o i — NLOWNLL, rrossgotnootsas |
. . . .(7) L Wt my, = 172.5 GeV, MSTW2008nnlo —
Evidence in s-channel using ME method > 10 :/ -
cC [~ s-channel y ]
—_ B ¢ t-channel 4.59 fb™ PRD 90 112006 (2014) |
3 ‘20- _/ ® t-channel 20.3 fbo™! ATLAS-CONF-2014-007 a

— ¢ t-channel 3.2 fb™' ATLAS-CONF-2015-078
1 _—J\% # Wt 2.05 fb ™' pLB 716 (2012) 142 —]
. . ~ ”*; th Wt 20.3 fb™" arxiv:1510.03752 -
Couphng strength at the Wtb vertex is - 1; v s-channel 95% C.L. limit 0.7 flo™! ATias.conF2011-11
S A s-channel 20.3 fbo! arxiv:1511.05080 —
determined for all channels ' ' ' ' ' ' ' '
6 4 8 9 10 11 12 13

(s [TeV]
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Further Material




Pair production cross-section using ey events

- Systematics

Event counts Ny Ny
Data 11958 7069
Single top 1140 £ 100 221 + 68
Dibosons 34 + 11 1+0
Z(— 17T — ep)+jets 37 + 18 2+ 1
Misidentified leptons 164 + 65 116 & 55
Total background 1370 £ 120 340 4 88

Uncertainty (inclusive o) | Aecu/een (%] ACy/Ch [%] Aoyg/ow [%]
Data statistics | 0.9
tt NLO modelling 0.7 -0.1 0.8
tt hadronisation -2.4 0.4 2.8
Initial- and final-state radiation -0.3 0.1 0.4
tt heavy-flavour production - 0.4 0.4
Parton distribution functions 0.5 - 0.5
Single-top modelling - - 0.3
Single-top /tt interference - - 0.6
Single-top W't cross-section - - 0.5
Diboson modelling - - 0.1
Diboson cross-sections - - 0.0
Z+jets extrapolation - - 0.2
Electron energy scale/resolution 0.2 0.0 0.2
Electron identification 0.3 0.0 0.3
Electron isolation 0.4 - 0.4
Muon momentum scale /resolution -0.0 0.0 0.0
Muon identification 0.4 0.0 0.4
Muon isolation 0.2 - 0.3
Lepton trigger 0.1 0.0 0.2
Jet energy scale 0.3 0.1 0.3
Jet energy resolution -0.1 0.0 0.2
b-tagging - 0.1 0.3
Misidentified leptons - - 0.6
Analysis systematics ’ 2.7 0.6 3.3
Integrated luminosity - - 2.3
LHC beam energy - - 1.5
Total uncertainty | 2.7 0.6 4.4
Uncertainty (fiducial ofid) | AGe/Gep %] ACy/Cy (%] Aclid /ofid [%]
tt NLO modelling 0.5 -0.1 0.6
tt hadronisation -1.6 0.4 1.9
Parton distribution functions 0.1 - 0.1
Other uncertainties (as above) 0.8 0.4 1.5
Analysis systematics (o!d) | 1.8 0.6 2.5
Total uncertainty (ofid) | 1.8 0.6 3.9




Differential distributions (Full phase-space)

do ™! 1 N PRI . .
dxi EL.B.Axi‘feff‘ZMij +fice " Fiess - (Nieoo = Ni)
j

. . .ye X 1
fesr : eff. correction for events passing PL sel. but failing DL observable at particle level (PL)

fijets : the fraction of single lepton tt events in the nom. sample j bins of X at DL and ¢ bins at PL

facc : correction for events generated outside the FR but passed AX'bin width

the detector-level selection e
M;; 7" is the Bayesian unfolding



Differential distributions (Full phase-space)
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Pair production in association with Z/W boson - Systematics

II‘ITIITII] IIT‘TII‘II]

§ 22 aTLAS [P;eliminary 4 Data Wiz B E o ATLAS IP;'eIiminary 4 Data Wiz B
© ool \s=13Tev,32f" W mwz - < - 1s=13TeVv,3.2fb" W mwz

> . 2z Wz : 2 8 2z Wiz E
£ 18 twz - = o - twz -

L%) 16 S_ B Other Fake Ieptons_f i 7 - B Other Fake leptons -

" S— Uncertainty E 6 S_ Uncertainty =

125— - 51 E

10;— ] o= 45_ _E

; . E

2— [ —

1:— ]

kel g 0 ‘

20 30 40 50 60 70 80 60 70 80 90 100 110 120

Third lepton P, [GeV] m,, [GeV]

Region t+ X Bosons Fake leptons  Total bkg. ttWw ttZ Data,
30-WZ-CR 0.1 +0.13 26.9 2.5 1.6+1.7 29.0 £ 3.0 0.017 £ 0.005 0.71 £0.08 33
40-77-CR | 0.007 £ 0.006 37.9+£2.5 3.1+0.9 41.01+2.7 < 0.001 0.031 £0.006 40

20-SS 1.00£0.19 0.14 £0.06 1.7+1.5 29+1.5 2.28+0.34 0.65 4 0.07 9
30-7-2b4j 1.06 £0.25 0.5+04 0.1+£0.6 1.7£0.8 0.061 £0.013 5.14+0.5 8
30-7-1b4j 1.23+0.26 3.4+2.2 20+1.7 6.6 £ 2.8 0.037 £ 0.010 4.0+£04 7
30-7-2b3j 0.64+0.23 0.25+£0.18 0.1£04 1.0£0.5 0.082+0.015 1.754+0.20 4
3¢-noZ-2b 0.95+£0.15 0.18 £0.09 3.6 2.2 4.7+ 2.2 1.55+0.24 1.354+0.16 10
4¢-SF-1b 0.198 £0.035 0.22 £ 0.08 0.112+0.032 0.53=£0.09 < 0.001 0.59 £ 0.05 1
40-SF-2b 0.130 £ 0.035 0.11 £0.05 0.053£+£0.016 0.2940.07 < 0.001 0.57 £0.05 1
4¢7-DF-1b 0.21 +£0.04 0.0224+0.011 0.105+£0.027 0.34+0.05 < 0.001 0.67£0.05 2
4¢0-DF-2b 0.15+£0.05 < 0.001 0.055+£0.017 0.20+£0.05 < 0.001 0.98 £0.05 1




Inclusive cross section single top-quark in t-channel - Systematics

Events / 10 GeV

Events / 10 GeV

Source Aoy, /o (] Aoy, /og, (7]
: ggLiﬁs P;eliminary " 1s=13TeV,3.2 fb": Data statistics + 4.6 + 5.0
4000k K ga,;g i MC statistics + 6.3 + 6.5
' = Waels.
_ 0 Z+jets diboson Multijet normalisation + 0.8 + 2.4
2000 17/, Post-fit uncertainty _ Other background normalisation + 1.4 + 0.5
Muon uncertainties + 1.6 + 1.6
JES + 5.5 + 1.6
B Jet energy resolution + 4.3 + 3.1
S o ERis modelling + 4.2 +45
g 0 >0 100 m:(?l(\;) [Ge\%)o b—tagg?ng eﬂic%ency + 7.1 + 7.5
c-tagging efficiency < 0.5 < 0.5
Light-jet tagging efficiency < 0.5 < 0.5
sy | etmaze ] Dile-up reweighting £ 12 +3.2
L SR - .
4000F ﬁ%."ﬂub 1  Wjets modelling + 2.3 + 1.0
' et s tt_,Wt and s-channel shower generator < 0.5 + 2.3
| -t ncertainty | tt_,VV t and s-channel NLO matching + 2.7 + 7.0
2000F j tt, Wt and s-channel scale + 2.6 + 0.9
t-channel scale + 5.9 + 7.7
' t-channel generator + 11.0 + 15.0
5 0 PDF < 0.5 + 1.0
. Luminosity + 5.0 + 5.0
= 0 50 100 150 200
° my(W) [GeV] Total systematic uncertainty + 18.4 + 24.4

Total uncertainty + 19.0 + 25.0




Inclusive cross section single top-quark in t-channel - Variables

<+ The ten variables which are used in the training of the neural network ordered by
their importance.

Variable Corr. loss  Definition

m({vb) 31.8 % top-quark mass reconstructed from the charged lepton,
neutrino and b-quark jet

m(jb) 29.0 % invariant mass of the tagged (b) and light-jet (7)

mr (W) 23.1 % transverse mass of the reconstructed W boson

n(7)| 15.8 %  pseudorapidity of the light-jet (7)

m({b) 8.5 % invariant mass of the charged lepton (¢) and the tagged jet (b)

cos O, 7)evb vt 6.6 % cosine of the angle 6 between the charged lepton and the light-jet (7)
in the rest frame of the reconstructed top quark

AR((vb, j) 7.4 % AR of the reconstructed top quark and the light-jet (7)

n(W) 6.8 % rapidity of the reconstructed W boson

Apt(fvb, 7) 5.5 % Apr of the reconstructed top quark and the light-jet (7)

AR, j) 2.1 % AR of the charged lepton and the light-jet (j)




Single top-quark production in Wt-channel

Variable 1-jet, 1-tag | 2-jet 1-tag | 2-jet 2-tag
pr (01,02, EF™, j1) 1
pr (1,02, 51) 7
pr (b1, 62) 13
Pt (J1sJo) 10 1
pT> (01,02, EF™) 12 2
pT° (b, bo, Y™, 41, j2) 13
2 (51,.7'1) 13

( %) (01, b2, BX™, 51) 4 5

T (J2) 8

APT (€1,02)
Apr ((€1, L2, 41),(ER™))
Apr (EF™, j1) 9
Apr (6,02, BF™, j1) 16
Apt (£2,52) 14
AR (l1,71) 2 5
AR ({2,51) 4 10
AR ({2,52) 6
AR (L2,51) 11
AR ({y1,05) 14
AR ((€1,£2),52) 9
m ({2, j1) 10 3 3
m ({1, j2) 1 4
m (j1,7J2) 2
m ({2, jz) 7 7
m ({1,71) 8 6
m (1, 4s) 15
m (ﬁz,jl,b) 11
m ({1,402, ]1,72) 15
mo (jl)E’If‘liSS) 5
mr2 11
E/m (1,02, j2) 16
> Er 3
Centrality((;, ¢2) 6
Centrality((y, j1) 12
Centrality((s, j2) 12

ISR/FSR Wt

Jet energy resolution
E™** scale

JES modelling comp. 1

Luminosity

DR/DS

Electron identification
Pileup

NLO matching method
ISR/FSR tt

Normalisation tt

A
0.1 0 0.1 :
' I T
ATLAS
\'s = 8TeV 203fb1
7//:/
e
—1 0 1
Pull

-e- Pull (B-6,)/A8
+1o pre-fit impact on [
7/, +1o post-fit impact on



Evidence for single top-quark in s-channel - ME method

+ The ME method directly uses theoretical calculations to compute a per-event signal probability

% The discrimination between signal and background is based on the computation of likelihood
values P(X|H,.o.) for the hypothesis that a measured event with final state X is of a certain

process type Hp,oc

EZCVSZP(X‘SZ) -+ EjOéBjP(X‘Bj)

P(S|X) =

+ 5;and B, denote all signal and background processes that are being considered

+ a priori probabilities (s, and (vp; given by the exp. fraction of events of each
process in the set of selected events within the signal region

+ P(S|X) is the value taken as the main discriminant in the signal extraction



<+ Event selection:

» PV with > 4 tracks, one electron or muon, > 3
jets, at least one b-jet, one photon

< Main uncertainties

» Signal template modelling (6.6%), parton
shower (7.3%) and jet modelling (16%)

+ Theoretical NLO production

Whizard  — 48 4 4 0.5(stat.) + 9.7(theo.)

MadGraph— 479 4+ 0.4(stat.) + 9.4(theo.)

+ First observation of tty process: 5.3¢

oy X BR = 63 £ 8(stat. )T 1i(syst.) &+ 1(lumi.) fb

Top pair production with an associated photon
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