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Overview

@  Very successful Run Il of the LHC during the last three

years (2015-2018) at V's= 13 TeV.

@®  ATLAS recorded a dataset of 139 fb-. Around seven times
larger than the previous Run | at V's= 8 TeV (20.3 fb-1).

@  Reaching <u> = 33.7 for the combined whole Runl.
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Status of ttV and tty measurements @EX:[,!TN{-};SF

@ I will focus today in the latest results published by the ATLAS collaboration using the 2015+2016
recorded data (36.1 fb-) for tt produced in association with an electroweak boson

ATLAS Top Summary plots
Top Quark Production Cross Section Measurements Status: November 2018
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Updated results with full luminosity (139 fb-1) are in progress
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-034/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.072009
https://link.springer.com/article/10.1140/epjc/s10052-019-6849-6

Motivation @ATLAS

EXPERIMENT

@ Direct probe of the weak couplings of the top to W/ Z and photons.
@ Deviations from the SM model predictions can probe beyond SM scenarios:

~  These final states are sensitive to anomalous couplings of the top and photons and/or t spin
correlation and charge asymmetry amongst others.

@ Differential measurements improve Monte-Carlo modelling.

@ In addition, these processes are important backgrounds for other SM/BSM searches in ATLAS.

ttH multilepton in ATLAS: Stop pair production in O lepton
PhysRevD.97.072003 final state: J[HEP12(2017)085
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https://link.springer.com/article/10.1007/JHEP12(2017)085
https://link.springer.com/article/10.1007/JHEP12(2017)085
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003

SATLAS

Eur. Phys. |. C79 (2019) 382

tty fiducial and differential cross-section
13 TeV, 36.11b™



https://link.springer.com/article/10.1140/epjc/s10052-019-6849-6

Analysis overview

@ Targetting semileptonic and dileptonic decays of the ttbar system.
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Prompt-photon tagger output

~  tt/Z+jets: jets and electrons faking photons and jets S oo
faking electrons. S 4000
~ Wy (Zy): irreducible background single lepton soc0
(dilepton) channel. 2000
@  Prompt photon tagger in single lepton channel to 1000
discriminate fake photons from prompt. _
Channel Single lepton Dilepton D: 1-25‘1
£ o7s
tty 6490 £+ 420 720 &+ 34 O o5
Hadronic-fake 1 440 &= 290 A9 2.7
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@  Event level discriminator (ELD) to separate signal and 200/~
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Fiducial cross-section measurements fitting ELD shape.
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Fiducial cross-section measurement

Results derived with a shape fit of the ELD in the single-lepton and dilepton channels.

Results compatible with dedicated NLO in QCD predictions in this fiducial region from authors of

ol = 69 + 3(stat.) £ 4(sys.) fb]
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@ Individual and combined fits to different flavor channels.
O]
arXiv:1102.1967.
opt =521 + 9(stat.) & 41(sys.) fb
~ AR RN AR LAY RARRY EAARRRARNS RARRD RS
g T ATLAS ¢ Data | Jidh ]
>~ ot 5=13Tev, 36.1 fo' ElHadtake  Mlefake
IS = Dilepton Wz [ other prompt 3
Q r /2 Uncertainty B
- = Postfit .
103§ =
102;—
10 _é
o )
3 1.25 3
L e
g ° 7 E
A 05 -

July 11, 2019

0 01 02 03 04 05 06 07 08 09 1

Event-level discriminator

Total
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V=13 TeV, 36.1 fb Theory
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. I +0.09 (+0.03 +0.08)
e+jets li-hl—| 107 508 (-0.03 —0.08)
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https://128.84.21.199/abs/1102.1967v1

Differential cross-section results

®©

lterative Bayesian unfolding technique to obtain particle-level

T =

measurements.
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SATLAS

Phys. Rev. D 99 (2019) 072009

ttZ and ttW cross-section measurement
13TeV, 36.1fb



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.072009

Analysis overview: ttW ATLAS

@ 2 lepton same-sign signal regions (2l-SS): A A
T Vs=13TeV.36.1M07 gy v+X a
. . . o5 |- 2e-SS (pre-fit) r |
~  Targetting W — lv and semileptonic tt system. - T et W Fake Leptons
: : 20 |- —
~  Dominated by fake-lepton and charge-flip. 3 7 i
o .
. . 315 ]
@ 3 lepton signal region: s ' .
5 .
: : : b 1 |
~  Targetting leptonic decays of all W-bosons in the event. ///// T i 77779
L > /'47,/£ E
~  Z-veto on opposite sign same flavour leptons. - B
0
. . . 40 60 80 100 120 140 160 180 200
@  Multivariate techniques to reduce fake-lepton backgrounds. EM [GoV]
. . . . T
Data-driven fake-lepton and charge flip estimation.
@  Multi-bin fit to all SRs and CRs. 25 = phas | T
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Analysis overview: ttZ ATLAS

EXPERIMENT

@  Regions targetting 2L,3L (most sensitive) and 4L (high purity).

‘—. L L B L L AL LA AL L
S 200 - ATLAS Data iz —
| | | Bl b Bobreserw i mzeedr
@  Dedicated control regions for the dominant backgrounds in g %0 BT postiy _Zelte EZioWE
160 — ther 7, Uncertainty  —
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o . wp ML L E
@  2L:tt and Z+jets. Z+jets sample classified by heavy- 100 B 44 4 E
flavour (b- and c-hadron) mutliplicity. 80 |- j“ t =
60 |— —
@  3L: WZ control region. Other backgrounds from MC. w0 F 2
3
20
®  4L: ZZ control region. Other backgrounds from MC. o e
BDT output
@  BDT fit to 2L region and multi-bin fit in 3L,4L regions.
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(post-fit) . tWZ mm Other [ (postit [ Other Il Fake Leptons
mm Fake Leptons X p . P
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1
'a'é 1.5 O T T ) T /) T a . 15 - . . . . .
% o; 26-’/—//@’//—///.//—///,6/-////7‘/7‘///7‘////7“///% //%///‘//%//A’%//éi § 1 39‘/7‘}//7‘///////}/////7‘////7’+‘///7‘//7//////////////6/7‘//92
8 Lo, Sl Lo, 3L 3L 205 - : : :
Tby; 2bg; 2b3; "°2~2b4/- Wzoﬁ = 44~8R7b 4LSR% U pp o %DR% 4. 2> o

e
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Measurement of the ttZ/ttW cross-section ATLAS

EXPERIMENT

@ Combined fit in all signal regions to simultaneous substraction of 6,; and G,,.

@  Substracted values compatible within uncertainties to individual fits.

® Dominated by signal modelling and flavour-tagging/jet uncertainties.

ﬁﬁz — [}.95 :l: [}[}Shmt :l: [}. l[]h’y’h't pb Fit configuration Hitz Hiw

Combined 1.O8 £0.14 1.44 £0.32

27-0S 0.73 =0.28
oiw = 0.87 = 0.1344 &= 0.144y pb iz ] LO8 = 0.18
2¢-SS and 3£1IW e 1.41 £0.33
4¢ 1.21 £0.29 e
g [T [ o2 & Foar © o T % Foper & Lo T fo
= 16— ATLAS * Best fit = Cneoraint
€ [ Vs=13TeV, 361" —es%oL | ey M —
0 B . Luminosity 2.9% 4.5%
§ 14— AR Eh ] Simulated sample statistics 2.0% 5.3%
& Y e — NLO prediction _ Data-driven background statistics 2.5% 6.3%
= 1.2 % ] JES/IER 1.9% 4.1%
- - Flavor tagging 4.2% 3.7%
B 1 Other object-related 3.7% 2.5%
1= — Data-driven background normalization 3.2% 3.9%
i il Modeling of backgrounds from simulation 5.3% 2.6%
- - Background cross sections 2.3% 4.9%
08— § Fake leptons and charge misID 1.8% 5.7%
- ] 11Z modeling 4.9% 0.7%
e, 0 =R N {iW modeling 0.3%  85%
'0!4' ' 'n_lel ' 'c-_la' = 1I = '1,|2' ’ '1?4' ' '1I_e, Total systematic 10% 16%
dW croes section [ph] Statistical 8.4% 15%
Total 13% 22%

Compatible with 68% CL with ttZ/ttW NLO predictions.
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Top EFT constraints

@  Constraints on 5 Top EFT Wilson coefficients with ATLAS results. Coefficients related only to the ttZ

vertex : Reference SMEFT paper

@  Using the 3L and 4L signal regions. Discard 2L OS due to its low purity.

5 T T M ‘ i 5_| T FII T \: T I T
H o i 30 N 3G
af ] a-
Operator Expression - . — Observed
3 — 3 ---Expected E
o, (¢'iD,)(0 ﬂr’Q) =2 1 U P = L oo
1) k=l - S 1
o) — Observed i 1
- (@' ﬂf’)( ‘9 = e EINE I E
” I s N— S T N /™
0 < R .
Ow (Qo*7't ) |\ Amas \ ATLAS
O 06" 1)) Ea— i Y ,,/s=13Tey 36110 S\ (s =13 TeV 36.1 1]
i (Q/ } w 1o 0 10 fao\és_jlé "5 290 505 10
_— YA C, /A
/ (@) (6)
/ 5 i, REE RSN
v -t 6y 0 B \v | 30
: : : a- e e
Rejected by previous constraints : R R
3 --- Expected ] ---Expected ]
Coefficients 2(3) y 42 Cyu/ N2 % N W S _20] = N S _ _20]
< - !
Previous indirect constraints at 68% C.L. [-4.7.0.7] [<0.1,3.7] qE q h
Previous direct constraints at 95% C.L. [-1.3, 1.3 [-9.7.8.3] L N —— o] B I/ A« E
of ] i i ) 1
F ATLAS ] . ATLAS
b | | | v’E:‘ 13 TeV 36,1 b T T F 13 Tev 36.1 1b1
8 6 4 2 0 2 4 6 8 i VR - R R R
Ca/ A2 Co/AZ
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https://arxiv.org/pdf/1802.07237.pdf

Conclusion @EXI.!T@NSF

@  Several results from using 2015 and 2016 ATLAS dataset have been published on tt production in
association with electroweak bosons.

@  ATLAS have published two results with 36.1 fb-' data:

~ Measurements of inclusive and differential fiducial cross-sections of tty production in leptonic
final states at V's= 13 TeV in ATLAS

~ Measurement of the ttZ and ttW cross sections in proton-proton collisions at Vs=13 TeV with the
ATLAS detector

@  Results compatible with SM predictions
@  Moving from inclusive cross-section measurements to differential measurements

@  Results with full LHC Run2 dataset are coming soon — Stay tuned !

T
July 11, 2019 EPS - HEP Conference 2019 14



Additional material

I
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tty selection and pre-fit yields ATLAS

@  Single lepton and dilepton selections

etiets ‘ Jrjets ‘ e ‘ L ‘ el Channel Single lepton Dilepton
Primary vertex - i
2 2
le [ 1u [2e,05] 24 0S [le+1yO08 Ty 0490 2 420 720 £ 34
Trigger match Hadronic-fake 1440 + 290 49 +27
= 4 jets ‘ > 2 jets Electron-fake 1650+ 170 241
= ‘] bjet Fake lepton 360 + 200 _
Y
Im(e,y) — m(Z2)| > 5 GeV - Wy 1130
- m(Z,€) ¢ [85,95] GeV - Zy 75 + 52
- byl e e e - Other prompt 690 + 260 18 +7
- TS > 3 e -
- m(C.0) > 15 GV Total 11750 £ 710 863 4 78
AR(y, €) > 1.05 Data 11 662 902
g woo:—”;}'g,;'s"'”“””""ih'al;"”“”i'ﬁ&""'”—: Reduce events where photon 3 2505',A}L'A's' ARRRAR ';:a a =ﬂ~ﬁ T
T'E F Vs= 13 TeV, 36.1 b Had-fake el ] . ~ [ Vs=13TeV, 36.1 b1 Had-fake e-fake
£ 180 Sngerepon - Owewn 0w - radiated by top decay products. £ F oiepton Wz o o
o 1400 [ other prompt 72 Uncertainty s soof- ‘ 2 Uncertainty
L Pre-fit ] [ Pre-fit
1200 3 E
1000f- - 150;
i 100;
. B 125 ? E
gz . .
= - E s O .E 3
20875 E o 054 05 1 15 2 2.5 3
O 07352 25 3 35 4 45 5 55 6 (e) Ad(1,1)

AR“III
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Tty : event-level discriminator

Events / 0.01

Data / Pred.

ATLAS

EXPERIMENT

@  Prompt-photon tagger trained with shower Category Description Name
1 . Acceptance Il < 2.37, with 1.37 < || < 1.52 excluded ==
shape variables: R,, R,, w,,,W,R;.q and Fg. . S | A
Hadronic leakage Ratio of E7 in the first sampling layer of the hadronic  Rpaq,
o J"'|'"'|""|""|"H¢\I‘)~w"w"iu-'w"" calorimeter to Et of the EM cluster (used over the
S r ATLAS ata oy ; .
S 5000F- LT3 1oy 361 b M Hedfake = range || < 0.8 or || > 1.37)
‘% [ Single-lepton D::e lepton /lj‘L’JVY ‘ Ratio of Et in the hadronic calorimeter to Et of the  Ryag
I 4000— B Otherpromet 77 Uncertainty EM cluster (used over the range 0.8 < || < 1.37)
I Pre-fit
C EM Middle layer Ratio of 3 x 7 px ¢ to 7 x 7 cell energies R,
3000} Lateral width of the shower wy,
E > Ratio of 3x3 77 X ¢ to 3x7 cell energies Ry
2000 . =
r EM Strip layer Shower width calculated from three strips around the w3
C strip with maximum energy deposit
1000—
Total lateral shower width Ws ot
o Energy outside the core of the three central strips but  Fgjge
2 125 ; within seven strips divided by energy within the three
= - E P B "
o central strips
= 1 e p
= o075 :% e ez - - ‘ . ‘ A -
S osE E| Table 3 Input variables for the event-level discriminator for the single-lepton and dilepton channels. For events without the 5th jet, the pt(js) is
~0 01 02 03 04 05 06 07 08 09 1 ot to 78t
Prompt-photon tagger output
Variable Description Single lepton Dilepton
[ ‘;1'1'_;5“ T ”¢‘ .D;.t; Rasanw Iiltilyl AR S e S v
500 s -3 TeV, 36.1 fb! [lHad-fake Ml o-fake . Hr Scalar sum of the pr of the leptons and jets v
[ Single-lepton E;?::E::]pl gt’v:cenaimy 3 m(y, £) Invariant mass of the system of the photon and the lepton v
400 pro it -] E%‘iss Missing transverse energy v v
C ] m{v Reconstructed transverse mass of the leptonically decaying W-boson v
300/~ ———p = \/2 X prf) x EISS x (1 — cos(Ap(L, ERiss)))
L - Niets Jet multiplicity v
200 ] pr(j1) pr of the leading jet (ordered in pr) v v
C 7 pr(j2) pr of the sub-leading jet v v
100— _ pr(j3) pr of the third jet v
F P2 pr(ja) pr of the fourth jet v
0 N e mas. prjs) pr of the fifth jet 7
1125 % ) ) 3 Npjets b-jet multiplicity v v
1 // //%/%/W//////é b1(j) highest b-tagging score of all jets v v
- =
0.875 £ e E ba () second highest b-tagging score of all jets v v
07557071 02 03 04 05 06 07 08 09 1 b3(j) third highest b-tagging score of all jets v
Event-level discriminator m(e, ) Invariant mass of the system of the two leptons oL
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tty differential measurements (single-lepton) X AILAS

EXPERIMENT

@ Dominated in general by the modelling of the ttbar sample | most of the unfolded bins

> —
) [ T T T T T T T ;1_47”“.“”‘.."u,u‘“H“H‘...‘H.“H‘7
9 F ATLAS e Unfolded data ] = C ATLAS e Uniolded data 1
= Foveo 4 —— MG5_aMC + Pythias B o 4 —— MG5_aMC + Pythia8 .
z (s=13Tev, 36117 T MGE_BMC:HM“J? B o 1.2—s= 13TeV, 361 fb —_ MGS_HMC:HQMQ? m
lormalized cross-section MGE_aMC + Pythia8 (A4 Up) o —lo [ Normalized cross-section MG5_aMC + Pythia8 (A14 Up)
ingle lepton MGE_aMC + PythiaB (A14 Down) J 1—Single lepton MG5_aMC + Pythia8 (A14 Down) —]
----- Powheg + Pythias T - L ----- Powheg + Pythias ff -
Stat. I 0.8 Stat. -
102 Stat & Syst. —= e Stat @ Syst. 1
1073; 7 E > 08— > 08 e
E 3 S -% [ ATLAS Normalized cross-section ] é [ ATLAS Normalized cross-section ]
E — ] C R . ] L~ R . ]
r : % - ] = 08 {5-13TeV, 361 b  Single lepton ] 5 06 ys=13TeV,36.1fb" Single lepton ]
10 s @ Lol Q £ ] Q £ ]
% g 7 % 0.4F Stat. Stat. @ Syst. a1 g 0.4 Stat. Stat. & Syst. a1
Q Q == g E 5 L ] = L ]
=] S L ] L ]
o 5] = C asl c
& & E o 02 0 g0 =
. . B C ] b s
E =
= = — @ o] B
2 °E : ER — : i 1 = OF
E E e : I i A B r I == = o= 3 L g §
= 0.5E L — = = 05 = r L e | . C | .|
o 50 100 150 200 250 300 o 0 02 040608 1 12 1416 18 2 22 0'27 - 0'27 -
pT(Y) (GeV] ! 0 4; — Signal modelling — Exp. uncertainties ] 0 4; — Signal modelling Exp. uncertainties ]
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ttW/ttZ signal regions ATLAS

ttW signal regions
2L 3L

TABLE V. Summary of event selection requirements in the trilepton signal regions targeting the /W process.

Requirement 2£-SS(p,m)-1b 2¢-SS(p.m)-2b ep-SS(p.m)-2b 241-SS(p.m)-2b

Hpags -1 >2 >2 >2 Variable 3/p-noZ-2b2j 3¢ m-noZ-2b2j 3¢p-noZ-1b2j 3/m-noZ-1b2.
Emiss >40 GeV >40 GeV >40 GeV >20 GeV All leptons pr > 27 GeV

Hr >240 GeV Z veto (OSSF pair) |mpp —my| > 10 GeV

pr (leading lepton) >27 GeV Riegs 2or3

pr (subleading lepton) >27 GeV Hy . ~240 GeV

Piets >4 =4 >4 22 Sum of lepton charges +1 -1 +1 -1

Z veto myp —my| >10 GeV in the 2¢ and 2y regions M rags >2 >2 1 1

ttZ signal regions

2L 4L

Variable 20-7-6j1b  27-7-512b  20-7-6)2b Region Z, leptons P1a Py Mz, =iy s N-1ags
Leptons =2, same flavor and opposite sign 47-DF-1b et >35 GeV 1
Myp |mysp —my| < 10 GeV 4¢-DF-2b et >10 GeV >2
pr (leading lepton) >30 GeV 4¢-SF-1b et iyt >25 GeV >10 GeV >40 GeV 1
pr (subleading lepton) >15 GeV <10 GeV >80 GeV

Np-tags 1 22 22 4£-SF-2b eteF >10 GeV e >10 GeV . >2
Rjets =6 5 =6 <10 GeV >40 GeV

3L

Variable 3¢7-7-1b4j 3¢0-7Z-2b3j 3¢-7-2b4j 3¢-noZ-2b4j
Leading lepton pr > 27 GeV

Other leptons pr > 20 GeV

Sum of lepton charges +1

Z requirement (OSSF pair) |mpp — mz| < 10 GeV Mgy — mz| > 10 GeV
njets >4 3 >4 >4

N tags 1 >2 >2 >2

I
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tty differential measurement (dilepton

@ Dominanted by statistical uncertainties except for bins at high values, where the main
background modelling dominates
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