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Introduction

@ The top quark is almost 23 years old

— discovered in 1995 at Tevatron
— since 2009, the LHC is improving our knowledge of it

@ Top-quark sector is crucial in the search for new physics

— SM top processes are backgrounds for BSM searches
—limits on BSM scenarios can be set from precision measurements

@ Very active area - 104 ATLAS papers !
@ Presenting a personal selection of recent ATLAS results
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Overview

0 The top quark, the Standard Model, and the LHC
9 Top-quark pair production
e Top-quark pair production in association with other particles

e Single-top production

e Conclusion
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The top quark, tt and the LHC The top quark in the Standard Model

The top quark in the Standard Model

@ Mass (PDG) :
m; =173.11+0.6 GeV ot | s
— elementary particle with largest mass °
— the only one heavier than the Higgs e
— radiative corrections to Higgs mass Q
— Yukawa coupling A; ~ 1 Ky oam
@ Decay before hadronisation .
— access to properties of the bare quark ' -
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https://arxiv.org/abs/1407.3792

@ Several production modes t .
— via QCD and/or EW interaction 2
— gg modes favored at higher energies < _
— qq modes disfavoured at LHC t

The top quark, del, and the LHC Top quark production and decay

Top quark production and decay

Largest : top-quark pair production
— gg dominates at LHC

Single-top production

— t-channel, tW, s-channel, tZ
tt4 X production is accessible at LHC

= X=v,W,Z,H
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top-quark pair

Also probably accessible : t-channel s-channel
— tWZ, 4 tops
I, q
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t W Vi q
b

Decay : t — bW, W — ¢v/jj

1 or 2 b-jets, 0 to 4 leptons, (+Y)
fully hadronic final state : {f
l+jets : ff, t- and s-chan., ff 4y

—

—
—
—
—
T. Th

OS dilepton :

multilep., & S
o

ft, tW

LV, tZ, ttH

4 tops

Highlights of recent ATLAS results in the top-quark sector

twz

Friday, March 9th 2018

~

.®
(DESY )
7o)

5/34



The top quark, and the LHC Overview of Standard Model cross-sections

Overview of Standard Model cross-sections

Standard Model Total Production Cross Section Measurements  stats: Juy 2017
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The top quark, the Standar and the LHC ATLAS and the LHC

ATLAS and the LHC

@ LHC and ATLAS operate since 2009 e

— run-l:2009—2012

— run-Il : 2015—2018 ( \ \ ‘m!‘  , ,
| A LI
@ More than 105 fb—! accumulated for pp collisions | \‘,‘S‘“'

@ In run-ll : higher energy, higher luminosity

— ~12 tt pairs per second for ATLAS !
— ~ 380 billion top quarks produced at LHC L e o\ \
|/ toameanen |1 oo o
@ Larger pile-up in run-II e
— up to 70 collisions per bunch-crossing in 2017 Year | S[TeV] L[] <p> (dm)
2011 7 5.2 9.1(20)
@ ATLAS has a new Pixel layer close to the beam 2012 8 21.7 20.7(40)
— better vertexing, better pile-up rejection 2015 13 3.9 13.4(25)
— improvement of b-tagging - good for top physics! 2016 13 35.6 25.1(50)
P 9gng - g P PTY 2017 13 46.9 37.8(70)
00— — e S
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g . E E g
5 % E S 100f
g 205 R
108 2 50
e = 003‘\ 102030790 50607050 0}
"5 5 W6 16 Wl w1 (3%
w» T wt T we > N?z\n:h in Year Mean Number of Interactions per Crossing OS'
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Top-quark pair production Inclusive cross-sections

tt cross-section in the eu channel

13 TeV, 3.2 fb~! - Phys. Lett. B 761 (2016) 136 / 8 TeV, 20.2 fb~! - Phys. Lett. B 761 (2016) 136
@ Event selection : 16T and 1u¥

— irreducible bckg. estimated with MC samples £ ol ATLAS T Py AP
— fake prompt leptons : data corrections (SS 2¢) G 1s0f- [s=13TeV,3.21b? 2 tipounegey
@ o inferred from events with 1 and 2 b-tag jets 5000~ = bitoson =
” . 7 14000 — B Mis-ID lepton =
— 2 b-tag events very pure in tt . o0l A
— 1 b-tag events included to account for correlations B S " PouheqroY radHi
@ o5= 818 + 8(stat) &= 27(syst) +=19(lumi) pb so00E o FoueatPYadlo
— total : 4.2% (was 3.2% at 8 TeV) o E—— E
— best theo. pred. uncertainty : 5.5% (NNLO+NNLL) 20000 E
— largests : tf hadronis. model (2.8%), lumi (2.3%) L om SOUSToo! 2
. . . T 3 stat. U
@ Differential cross-sections at 8 TeV g , i
— leptonic variables : m(eu), pr(eu), etc. S L
— higher sensitivity to top-quark pole mass 0 o 2 23 Ny
ATLAS : :,:. Uncertinty Event counts Ny Ny
— Full Uncertinty Data 11958 7069
DO inclusive oft) o 1728+ 3.3 GeV Slllgle top 1140 j: 100 221 j: 68
ATLAS inclusive o) e 172,92 2.6 GeV. Diboson 34+ 11 1+0
CMS inclusive o) . 17382 18 Gev Z(— 7T — ep)+jets 37 £ 18 2+1
ATLAS diferental (i) - Misidentified leptons 164 + 65 116 + 55
Total background 1370 + 120 340 + 88
ATLAS leptonic (8 dist.) L] 3.2% 1.6 GeV
170 178 180 EL
™ [Gev] Y

Y - Zeuthen Highlights of recent ATLAS results in the top-quark sector Friday, March 9th 2018 8/34


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-09/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-02/

Summary of {t cross-section measurements (1/2)

ATLAS+CMS Preliminary
LHCtop WG

NNLO+NNLL PRL 110 (2013) 252004

scale uncertainty
scale [ PDF U ag uncertainty

o, summary, s =8 Tev

Migp = 1725 GeV, a,(M ) = 0.11820.001
&

ATLAS, lepton+jets [ 2483+0.7+13.4+4.7pb

ATLAS-CONF-2017-054, L, =202 fb"

CMS, lepton+jets et 228.5+3.8+13.7+6.0 pb

EPJC 77 (2017) 15,L,,, = 196 b

ATLAS, 1, +jets e 239+4+28+5pb

PRD 95 (2017) 072003, L, = 20.2 fb’"

CMS, lepton+t, |——fot—— 257+3+24+7pb

PLB739(2014) 23, L, =196f"

ATLAS, dilepton ept [ 2429+17+55+5.1pb

EPJ C74 (2014) 3108, EPJ C76 (2016) 642,

L, =202M"

CMS, dilepton (ee, pyi, e) | g 239.0+2.1+11.3+6.2pb

JHEP 02 (2014) 024, Ly, =537

LHC combined ep (Sep 2014) | 44 2415+1.4 +57 +6.2pb

LHCIOp WG, L, =53 -20.3 ™

ATLAS-CONF-2014-053, CMS-PAS TOP-14-016

CMS, dilepton ept - 244.9+14'23+6.4pb

JHEP 08 (2016) 029, L, =19.7 b

CMS, all jets

EPJC76(2016) 128, L, =184 275.6 _i 6.1+37.8+7.2pb
NNPDF3.0 JHEP 04 (2015) 040

Nov 2017

total stat
0, % (stat) £ (syst) = (umi)

MMHT14 ePj c75 (2015) 5

ATLAS+CMS Preliminary
LHCtop WG o
NNLO+NNLL PRL 110 (2013) 252004
" my, =172.5 GeV, a,(M,) = 0.118+0.001
scale uncertainty
scale [ PDF U a, uncertainty

ATLAS, dilepton ept [W¥H)

PLB761(2016)136, L =321b"

ATLAS, dilepton ee/pp *
ATLAS-CONF-2015-049, L, =85pb™

ATLAS, l+jets * -
ATLAS-CONF-2015-049, L, =85pb™

CMS, dilepton ept

PRL 116 (2016) 052002, L _ =43 pb’ %50 ns

CMS, dilepton ep ot
EPIC77(2017)172, L =22f0 L 25ns

CMS, I+ets

aXiv:1701.06228, L =2.21f0"

CMS, all-jets * —te

CMS-PAS TOP-16-013, L =253 0"

———f— 74957 £ 79+ 74 pb

summary, Is = 13 TeV Nov 2017

total stat
0, (stat) £ (syst) + (lumi)

818+ 827 +19pb

817+ 13+ 103+ 88 pb

746 + 58 £ 53 + 36 pb

o 815+ 9+38+19pb
44 888+ 2:26+20pb
H—— 834+25:118+23pb

NNPDF3.0 JHEP 04 (2015) 040
MMHT14 EPJC 75 (2015) 5

100

* Preliminary
CT14 PRD 93 (2016) 033006 CT14 PRD 93 (2016) 033006
ABM12 PRD 89 (2015) 054028 ABM12 PRD 89 (2015) 054028
[a,0,) = 0.113] [a,(m,) =0.113]
o b b b P by I I AR N B B A
150 200 250 300 350 400 200 400 600 800 1000 1200 1400
o, [pb]
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Summary of tt cross-section measurements (2/2)

Inclusive tt cross section [pb]

108
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10
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v Tevatron combined 1.96 TeV (L < 8.8 fb Lo 1
e CMS dilepton, |+JEES* 5.02 Tbe\)/((l_ 27.4 p)b ) ATLAS+CMS Preliminary ~ Nov2017 |
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e CMSeu8TeV(L=19.7fo?)

v LHC combined ep 8 TeV (L ?3 -20.3 fb” ) LHCtop WG
n

v

A
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A

o

ATLAS ep 13 TeV (L=3.2fb
CMS ep 13 TeV (L = 2.2 fb™)
ATLAS ee/pp* 13 TeV (L =85 pb )
ATLAS I+jets* 13 TeV (L = 85 Pb
CMS I+ets 13 TeV (L = 2.2 fb™)
CMS all-jets* 13 TeV (L = 2.53 tb™)
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Top-quark pair production Differential cross-sections : {+jets

Differential tt cross-sections : /+jets channel (1/3)
13 TeV, 3.2 fb~ ! - JHEP 11 (2017) 191

@ Differential cross-sections of crucial importance for ATLAS 3 zsoof ATLAS R
— improve bkg. model for searches (BSM or SM rare processes) 5 [ iocaaleV: 320" mmsngeon

i i ; § 2000 . Zijets
@ (+jets channel : 1e or u, > 4 jets, > 2 b-tagged jets 8T 2 -
. Multijets

@ Reconstruction of the top-quark topology : pseudo-top algorithm 1500 W St Syt une
— neutrino 4-momentum inferred from Ef"** + W-mass constraints
— two hardest b-tagged jets assigned, one for each top

— two hardest non-b-tagged jets assigned to hadronic top 500

ClmmmeeeeTeeeeas
S
0

50 100 150 200
ET* [GeV]

Data/Pred.
o

E T

1800 ATLAS . Daa

Ot

. Single top
Weiets

Resolved
%

Ztjets
Diboson
v

~
Events / GeV
=
&
3
3

-
. Multijets
27 Stat+Syst. unc

@ Corrections applied to remove detector effects : unfolding 800
@ Unfolding variables defined at particle level 600
— objects defined using stable particles only 400

o Lo boo b b b b e b

— fiducial volume defined, close to detector-level selection cope
— pseudo-top at particle-level to define top-quark topology . 20 s W%MW/’/‘/»%
@ Backgrounds from MC, except fake prompt leptons (data-driven) g °¢ 55 5 =

@ Main systematics : ff MC model, jet energy scale e [Gev]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-01/

Differential cross-sections : {+jets
Differential tt cross-sections : /+jets channel (2/3)

13 TeV, 3.2 fb~! - JHEP 11 (2017) 191

@ Comparisons to a large set of MC generator setups !

@ Hadronic top y well-modelled

@ Large discrepancies for hadronic top pt
— data softer than setups using Pythia6 or Pythia8 - different trends when using Herwig++ or Herwig7

— not yet understood - EW or NNLO QCD corrections ? decay at NLO ?

= T T
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Top-quark pair production Differential cross-sections : {+jets

Differential tt cross-sections : /+jets channel (3/3)
13 TeV, 3.2 fb~! - JHEP 11 (2017) 191
@ (f mass well-modelled, except for setups using Herwig-++
@ (t pr relatively well-modelled, with some differences between the setups
@ Distributions used to improve the tt MC generators

i

1o, W/ dmt [1/GeV]

Data

Prediction Prediction
Data

Data

Prediction

— better setups and reduced systematics

— standard Rivet format allows to re-interpret results with future setups

T T T
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Top-quark pair production Differential cross-sections : {+jets

Differential tt+ jets cross-sections : /+jets channel (1/2)
13 Tev, 3.2 fb—! - 1802.06572 (submitted to JHEP)

@ We also measure these variables as a function of the number of jets !
@ Several variables measured for 0,1, and >2 additional jets

@ Provides additional information to understand the mis-modelling
— e.g. for hadronic top pr...

L Emas T L e L Eamas

3 Soucilprase space I il phase-space 8 F it phasecspace
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Top-quark pair production Differential cross-sections : {+jets

Differential tt+ jets cross-sections : /+jets channel (2/2)
13 Tev, 3.2 fb—! - 1802.06572 (submitted to JHEP)

o ..as well as for tf pr
@ Most generator setups used so far : t+ Ojets @NLO

— additional jets from the parton shower (Pythia or Herwig)
— ...except Sherpa (1jet @NLO, 2,3,4@L0O)

R a T - 15 E|
S e S ATLAS o Daa s E ATLAS E|
8 Fiducial phase-space 8 Fiducial phase-space PWG+PYG e, & E Fiducial phase-space ]
= 10 =13Tev,321* = E=13Tev, 321" - S [ B=13Tev32m’ q
g et exclusive g sietexcusie E107 - eetinclusive
o o > E Shen221 E
£ St e 1
: S ® e
g 5 S i
3 3 S F 3
107 =
R ¢ i 5 ¢ S 1aF :
fo 1 P - §o 122
= R S8 g8 E
P e ——t = | ST BE 1=
i ol &
0 + ; - o0 ;
for - - P g1 =
b L R L NS 28 28 T S e
&, & d == E!
L L i 3 0. T
S0 20 S04 it 20 30 7630 408 0 20 30 26 30 4080 100 20 30
Pl [Gev] Pl [Gev] P [GeV]
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Top-quark pair production Dif ti : fully-hadi

Differential tt cross-sections : fully-hadronic channel (1/3)
13 TeV, 36.1 fb~! - 1801.02052 (submitted to PRD)

@ Measurement performed in the fully-hadronic boosted topology 3 . witas T e 3
. . . o E e E|
— at high pr, decay produced may be merge in a large-R jet B 1800 Cotarnan o Daacotsizots
. . . ope . . . . g (non all-had) Stat. Unc. B
— this analysis gives additional information on the high-pt regime & 1 _M:wg}z" -§:§:E$§: Satone 3
e E
Low top pr High top pr ioof— E
w boost é
c :m7
o5 . .
N N T T
o 120 140 160 180 200 220
Leading large-R jet mass [GeV]
. . 2 F \ ' gnal region |
@ Pre-selection : 2 large-R jets, top-tagged 8 o i
— algorithms to identify the top-jets (substructure variables) £ e
— in addition : each large-R jet matched to a b-tagged small-Rjet ~ “ St oL Sy one
— various kinematic requirements
@ Unfolding performed at particle-level
— two large-R jets at truth level
@ Main background : multijets (data-driven estimate)
. . . . § 1
@ Main systematics : large-R jet energy scale and top-tagging, BE e et e
$ 0% 3@ e 80100 120

b-tagging, signal MC model

Lead. subjet mass in lead. large-R jet [GeV]
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op-quark pair production Di ti

- fully-had!
+ fully

Differential tt cross-sections : fully-hadronic channel (2/3)
13 TeV, 36.1 fb~! - 1801.02052 (submitted to PRD)

(]

(]

(]

Example of unfolded variables
— testing newer MC generators

prt of lead. and sub-lead. tops

— significant shape effects
— more info. on top pr “issue”

aMC@NLO+P8 mismodels ff pt

— ongoing improvements
for aMC@NLO

tf mass relatively well-modelled
Many other variables unfolded
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Top-quark pair production Differential cross-sections : fully-hadronic

Differential tt cross-sections : fully-hadronic channel (3/3)
13 TeV, 36.1 fb~! - 1801.02052 (submitted to PRD)

Run: 284285
Event: 3682216408

2015-11-01 12:30:43 CEST EXPERIMENT
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Top-quark mass in the /+jets channel

8 TeV, 20.2 fb~ ! - ATLAS-CONF-2017-071 (preliminary)

@ Top-quark mass can be measured with all tf channels
@ Latest ATLAS preliminary result in /+jets channel (8 TeV)

— similar event selection as for differential cross-section measurements
@ Full event kinematics reconstructed using a likelihood fit (KLFitter)

— likelihood : ff {+jets topology at parton level ® detector resolution effects
— fit to find the best objects-to-partons assignments event by event

— this allows to define variables sensitive to the top-quark mass

@ Top-quark mass measured with a template fit - strategy to reduce systematics :
— 3D fit of myop, JSF, bISF
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200

— using 3 variables : m;
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top m
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{g]co reco _ Pr(b1)+pr(be)

prily)+pr (&)
— in addition : BDT trained to reject events with bad jet-parton assignments
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[ ATLAS Preliminary
V=8 TeV, 20.2 fb*

T T
data, Hjets

,,,,,, Best fit background
== Bestfit

Uncertainty

Events / GeV

1800|
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1200
1000|

T T T
E- ATLAS Preliminary
[ (s=8Tev, 20.2 fy*

T T
o data, l+jets 3

—————— Best fit background

== Bestiit 3

Uncertainty E

Events / 0.05

* T data, etk
rrrrr Best fit background 3
== est it E
[ Uncertainty

T T T
TLAS Preliminary
=8 TeV, 20.2 fb*

o

130 140 150 160 170 180 190 200 60 70 80 90 100 110 0.5 1 15 2 25
e [Gev] e [Gev] [
@ Preliminary result : mp = 172.08 4 0.39(stat) & 0.82(syst) GeV .
@ Main systematics : jet energy scale, b-tagging, signal MC modelling ‘e
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Top-quark pair production Top-quark mass measurement

Top-quark mass : combination with other channels

8 TeV, 20.2 fb—!

- ATLAS-CONF-2017-071 (preliminary)

@ This new preliminary result is combined with previous ATLAS measurements

— using /+jets and dilepton channels, 7&8 TeV

— most important aspect : taking care of correlations between measurements
— the 7 TeV dilepton results doesn’t change the result = not included in final value

Successive combination

il
mgy, (8 TeV) L
+miR (8 Tev) =
+me (7 Tev)* s &
dl\
mi (7 TeV) s
,,,,, *ATLAS Combination
stat. uncertainty
total uncertainty
L .

ATLAS Preliminary

mg, * sttt syst

172.99 £0.41+£0.74
172.56 £ 0.28 + 0.48
172.51+0.27 £ 0.42

172.50 £ 0.27 £ 0.42

—— stat. uncertainty
—— total uncertainty

Combinations

CDF (Mar 2014)

DO (Jul 2016)

CMS (Apr 2016)

ATLAS (Sep 2017)

————— ATLAS Combination
stat. uncertainty
total uncertainty

ATLAS Preliminary
mg, * stat * syst

f 173.16 + 0.57 £ 0.74
e 174,95 + 0.40 + 0.64
[ 172.44 £ 0.13 £ 0.47

[ 172.51%0.27 £ 0.42

—— stat. uncertainty
—— total uncertainty

1 |
168 170 172

P - 1
174 176 178

Migp [GeV]

ATLAS “successive” combinations

|
165 170

175 180
Mp [GeV]

comparison with other experiments

@ Preliminary ATLAS combination : myp, = 172.51 £0.27 (stat) 4-0.42 (syst) GeV
@ Total uncertainty : 0.50 GeV (0.29%)

.®
o Mam systematics : ]et energy scale, b-tagging, signal MC modelling et
Highlights of recent ATLAS results in the top-quark sector Friday, March 9th 2018 20/34



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-071/

fi+y

tt production in association with a photon
8 TeV, 20.2 fb~! - JHEP 11 (2017) 086

7 . > T T T £ T T T
@ tt4yobserved with 7 TeV data 810k atas o o 5 ofatias « owa T
. . . 3 [5=8TeV, 202 " [ [% g 1S = 8TeV, 20.2 fiy* [ Hadronic Fakes [ ey Fakes
@ 8 TeV : differential cross-sections! £ 3L ewecton channer posnerees 1 & gl Elecon chamet 17TV S0 7 oy
. . @ [ Prompty Bkg
@ /+jets channel - selection : b Uncorany ¢
— 1e/u 17, > 4jets, > 1 b-tag )
10 10
@ Main bkg. : misidentified photons
1
— from electrons or hadrons $ 1sET T : T g s [T T
) . g " R A A——Y R R e
— data-driven techniques [T b A VA S P M AL ML |
o 50 100 150 200 250 300 o 25 -2 <15 -1 05 0 05 1 15 2 25
. . Photon p,_[GeV] Photonn
@ Unfolding to particle-level
= [ T T 3 = T T T T T T T 3
— pr and n of the photon 3 9 ATLAS 5 180-ATLAS =noPed
i 2 {s=8TeV,20.2fb* £ 160 (s=8TeV,20.2fb? § Data(Stat) -
— good agreement with NLO pred. o Single lepton channel E 140fSingle lepton channel # Data (Stat.+Syst}
2 4 1 = E
g =NLO Pred. K E
SF } Data (Stat.) 3
2 4 Data (Stat.+Syst) J 3
£ 3 =
. a3
s MFT T I 3 3 14F7 3
o 1 2 1
sontt d ! L e i
g (]
g 06 50 100 150 200 250 300 B 0 02040608 1 12141618 2 22
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Top-quark pair production in association with other parti

tt production in association with a heavy gauge boson
13 TeV, 3.2 fb~! - Eur. Phys. J. C 77 (2017) 40
@ tf+ W and tf+ Z observed in run-I (8 TeV)

— first 13 TeV ATLAS paper last winter Process tt decay Boson decay  Channel
@ SS di-muon, trilepton, tetralepton s ) Wy 88 dmum
— channels sub-divided in several regions iz (ffub)(rg)h f:/: Trilepton
— main backgrounds : WZ, ZZ, fake prompt leptons EEy) et Tetralepton
@ Fit to extract Sii+w i+ 7 (and WZ, ZZ contributions)
o 107 =1. . 7 =0. .
Results S+ w 15i08pb,6n+z 0.8+£0.3 pb L S—
— compatible with SM predictions B e m e

PostFit z Other
Fake leptons 7/ Uncertainty

— tt+ W more challenging that in run-I (gg-induced)

= r IAARAERAR RS RN AR u— n T T T T | A
z

E tura 5 * ATLAS best it ] g " [ATLAsS % ATLAS BostFit ]
c £ 4 = F 1
S F 4 ATLAS 68% CL 1 8 [ | —— ATLAS 68% CL ] 0 » _ ks
2 esfB-wTevaze’  aemia 5 swoffe-aTev, z0af msana ’ i
o F + NLO prediction 1@ 4 NLO prediction® ]
2 L 5% iz theory uncertainty | 2 1iZ Theory uncertainty
5 e 255 W theory uncertainty | & 400 1l W Theory uncertainty | s )
e e 10N 1

1 3 300 3

Il Il
g &2z s ‘32[,4 zm, 3253/ naggbsF,Ls: L 0r C0r

| | | |
05 1 15 2 25 3 85 4 100 201 300 400 500 600

W cross section [pb] 1iW cross section [fb] ..
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)

uthen Highlights of recent ATLAS results in the top-quark sector Friday, March 9th 2018 22/34


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-22/

tZ production

Search for tZ associated production
13 TeV, 36.1 tb~! - 1710.03659 (submitted to PLB)

@ New process accessible LHC - searched for in 3¢ channel
@ 3 e/uwith 1 OS ee/uu in my; Z-window, 2/ (|n| < 4.5), 1b

Events /0.4

@ Main backgrounds : diboson, {4 X, Z+jets

— data-driven techniques for fake prompt leptons
— different control regions to validate the estimates

@ NN combining 10 discriminant variables
— most important : (j), pr(j), m;

@ Maximum likelihood fit to extract the signal strength
— strong evidence : 4.26 (5.40) observed (expected)

Data/Pred.

Entries /0.1

— Gy = 600+ 170(stat) = 140(syst) fb
— compatible with NLO prediction 800" fb

u

d

C3

Z

VAVAVAVAV.
I
- Z N
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o>
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Single-top production tW production

Differential tW cross-sections
13 TeV, 36.1 fb~! - 1712.01602 (submitted to EPJC)
@ Process observed by CMS and ATLAS in run-I (8 TeVdata)

@ First differential measurement for associated tW production - ey channel
— selection : 1e* and 1,u¥ 1 or 2 jets, 0 to 2 b-tagged - use of MVA to separate from tf background
— main background : {f - separated from signal using multivariate techniques

@ Differential cross-sections at particle level, in a eu+1b-jets fiducial region

= Assan: Aamas e T T T al
3 [ ATLAS ¢ Daa 1 L ATLAS ¢ Data 1
S 00 5 13TV, 36.1 10" Total uncertainty 01— {s = 13 TeV, 36.1 fo” Total uncertainty
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g - 4
S}
s
s
< 0.005
g 100000 T T
5 ATLAS + Daa
it s=13TeV,36.1fb" w . !
- 2F =t 2F 3
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t-channel production : cross-sections

Inclusive and differential t-channel cross-sections (1/2)
8 TeV, 20.2 fb~! - Eur. Phys. J. C 77 (2017) 531

@ t-channel single-top : second-largest top-quark production mode u d

— observed at Tevatron, then at LHC (7 TeV) .

— electroweak production - cross-section propotional to |th\2 w w+
@ Single-lepton channel : 1e/y, 2 jets, 1 b-tagged t

— feature of this process : one forward jet (|n| < 4.5 instead of 2.5)

@ Backgrounds : tf, W+jets, fake prompt leptons (multijets)
— NN combining 7 discriminant variables to separate the signal

@ Inclusive cross-sections measured using a template fit of the NN output
— also : high-purity region for differential cross-sections

T T T

3 ATLAS 5=8 TeV, 20.2 b & 6000 ATLAS =8 Tev, 20.2 fo 9 1000f ATLAS Vs=8 Tev, 20.2 fb*
O 8000F I+sr o <] I* SR (aw>0.8)
o = = ¢ Data
— + Data ) ) Ha
» 6000 Eq c < Wb
< =“'W"m : B Multijet E W sjers
[ W *Hets w = F Bz +jets
8 so00f Briw, I ot 500 Dz

W Multijet [ Post-fit unc.

2000} 7/ Postitunc.
0'
o o] o] .
55 ] s A A —
it ] a ola ogb t ! ‘
100 200 300 0 1 2 3
m(lvb) [GeV]
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Sin

p production

t-channel production : cross-sections

Inclusive and differential t-channel cross-sections (2/2)
8 TeV, 20.2 fb~! - Eur. Phys. J. C 77 (2017) 531

@ |Inclusive fiducial cross-sections - separately for t and t
— comparison to different MC predictions

@ Inclusive total cross-sections also measured
— Ry = o/07 provides sensitivity to PDFs

@ First differential cross-sections unfolded at particle level
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Inferring Vi,

Inferring Vy

5,
ATLAS+CMS Preliminary 1. v, | =|/21¢ from single top quark production November 2017
LHClopWG heo
G neo: NLO+NNLL MSTW2008nnio
PRD 83 (2011) 091503, PRD 82 (2010) 054018,
RD 81 EQD]O; 054028
A0y, scale O PDF total theo
My, = 172.5 GeV
[f Vol £ (meas) £ (theo)
t-channel:
ATLAS 7 TeV’ o 1.02 £ 0.06 + 0.02
PRD 90 (2014) 112006 (4.59 fo™) L
ATLAS 8 TeV aml 1.028 + 0.042 + 0.024
EPJC 77 (2017) 531 (20.2 o) H * *
CMS 7 TeV. 1.020 + 0.046 + 0.017
JHEP 12 (2012) 035 (1.17 - 1.56 fb™) s
CMS 8 TeV 0.979 £ 0.045 + 0.016
JHEP 06 (2014) 090 (19.7 fb™) el
CMS combination 7+8 TeV 0.998 +0.038 +0.016
o G@gtop oc ‘th |2 JHEP 06 (2014) 090 i
S CMS 13 Tev” Hot—f 1.03+0.07 £ 0.02
arXiv:1610.00678 (2.3 fb™) =
- ATLAS 13 TeV 1.07+0.09 + 0.02
— for all single-top production modes | ATAS 13TV .0 H—te—i
H wt:
@ Comparing the [Vy,| measurements  |“iias 7 rev — e 1037255 4 003
PLB716 (2012) 142 (2.05fb™)
it CMS 7 Tev. e ——— 1,01+016 +003
— t-channel by far the most sensitive | &6 Gy s (a0
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mc\udmg top-quark mass uncertainty
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including beam energy uncertainty
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Single-top production t-channel production : angular analysis

Angular analysis of the t-channel production (1/5)
8 TeV, 20.2 fb~! - JHEP 12 (2017) 017

@ Beyond | Vip|, probing the Wib vertex structure - general Lagrangian for Wib interaction :

- _ —io*V gy
L= —%W‘(VLPLWRPR)M,, - \%b -
@ Analysis of top-quark decay in t-channel to extract information on anomalous couplings
— the decay can be caracterised by three angles :
o 0 :angle between W direction in top r.f. and spectator quark direction in top r.f.
o 0% : angle between W direction in top r.f. and ¢ direction in W r.f.
o ¢* :angle of ¢ direction in W r.f. in plane orthogonal to W direction in top r.f.
— measurement of triple differential angular decay rate

(gLPL + gRPR) tW/; +h.C.
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op production t-channel production : angular analysis

Angular analysis of the t-channel production (2/5)
8 TeV, 20.2 fb~! - JHEP 12 (2017) 017

@ Interlude : a well-known example of a distribution with 2-angles (1 polar and 1 azimuthal)
— projection of a sphere (3D) in a plane (2D) : Mollweide projection
— requires background subtraction, etc.
— then : “Fourier” analysis (spherical harmonics) to extract the physics

(0@
| DESY |
\Fo/

Highlights of recent ATLAS results in the top-quark sector Friday, March 9th 2018 29/34


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2015-11/

Single-top production t-channel production : angular analysis

Angular analysis of the t-channel production (3/5)
8 TeV, 20.2 fb~! - JHEP 12 (2017) 017
@ How it looks in our case, with 3-angles (2 polar and 1 azimuthal)
projection of a hypersphere (4D) in a plane (2D) : two 2D projections
large detector effects on the signal !
after background subtraction and unfolding : also a “Fourier” analysis

using a 3-angle generalisation of spherical harmonics
ATLAS Simulation ATLAS Simulation

led SM Monte Carlo 5 Simpified SM Monte Carlo

Ll

ATLAS Simulation

s SM Monte Carlo

model vs. 6 and ¢* model vs. 6* and ¢*

2D-projections, Protos, after simulation and reconstruction (e+jets)
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top production t-channel production : angular analysis

Angular analysis of the t-channel production (4/5)
8 TeV, 20.2 fb~! - JHEP 12 (2017) 017

Fraction of events / 0.06

1-D projections of the three angles
— detector effects are also visible

1-D angular analysis also available in the market, with different definitions for these angles
— that's the “traditional” way
— but the 3-D distributions contain more information
— triple-differential analysis performed in this paper
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TLAS Simulation —— Protos SM (truth) g TLAS Simulation —— Protos SM (truth) g E ATLAS Simulation —— Protos SM (truth)
0.0 ---Protos SM (reco) 2 Vs=8TeV ----Protos SM (reco) § 2 0. Vs=8TeV ---- Protos SM (reco.)
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Protos, 1D distributions, before and after simulation and reconstruction (e/u+jets)
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t-channel production : angular analysis

Angular analysis of the t-channel production (5/5)
8 TeV, 20.2 fb~! - JHEP 12 (2017) 017

g 01 T T T T T
o .. . & posf ATLAS N + Data
@ “Fourrier” coefficients can be measured, assuming the SM OV e ™
@ Also : multi-D likelihood distributions for ratios of couplings

— can set limits on each coupling, or one vs. the other

— for each contour : no asumption on the other couplings N
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tt production in association with a Higgs boson

13 TeV, 36.1 fb~! - 1712.08891, 1712.08895 (acc. by PRD), 1802.04146 (sub. to PRD), 1712.02304 (acc. by JHEP)
@ Crucial analysis for ATLAS at the LHC in run-2

tot. tat. t.
( to sa‘sys)

— direct estimate of top Yukawa coupling ATLAS \5=13 TeV, 36.1 fo"
— strong constraints on new physics —total stat.
ftH 2z T <1.9(68% CL)
@ Four analyses, targetting different H decays v s
— iHy e 06 *Ju (56,705 )
— fIH(ML) : H — WW, 1t " we Loerl
—» {fH(— bb) : H— bb | een 080 (95,40
— fEH(—> W) tH— 1Y fiH ML roH 16 'S8 (793.70%)
— ttH(—> 4€) H—>ZZ — Al 103 102 103
i combined Yo 1.2 %3 (%2, %2 )

-2 0 2 4 6 8 10
Best-fit u_ for m =125 GeV
fH

Channel Best-fit 1 Significance

Observed Expected Observed Expected

Multilepton 1.6 tgi 1.0 fgj 410 2.80

H —bb 08705 10108 14o 1.60

H =y 0.6 705 10108 0.90 170

_ H — 40 <19 1.0 132 — 0.60

@ Evidence for ttH production : 4.2 (3.80 €XP.) “Combmed 12707 10707 420 P
— best sensitivity from multilepton channel o
— stay tuned for full-run2 data analysis ! )
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Conclusion

Top-quark physics is a very diverse field - many different kind of analyses
@ LHC run-Il allows to go deeper in our understanding or this sector

— new production modes accessible
— more precise, more differential

@ Rare processes are very usefull to look at for BSM searches
— possible re-interpretations (e.g. with effective field theories)

@ Differential cross-sections crucial to improve modelling of top backgrounds for BSM searches
— important work on MC generators tuning not discussed in this talk

@ Top Yukawa coupling measurement is one of the hottest topics
— only possible with ftH events

@ Not shown here : many other analyses in TopPublicResults page

@ And this is just the beginning of data-taking - our top-quark factory will keep running this year

— more results to come!
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