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Top properties and production cross-section measurements are key in LHC physics program



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-012/

ttV and tV processes are probes of electroweak couplings of the
top to weak bosons

o  Sensitive to anomalous couplings in the EWK sector.

o  Sensitive to CP violation couplings, VVtb measurements.
ttZ/ ttW: irreducible background in several key LHC searches
tZq: purely produced by top-EWK couplings

o strongly polarised top -> probe of t/t spin asymmetry.

o In addition, probe to triple WWZ coupling.
ty and tty: probe of top-quark/y couplings
Differential measurements to help in MC tuning and anomalous
couplings.
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0% incl. measurements
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Searching in 3 lept ions. 1 b-jet and 1 or 2 additional non b-tagged jet SRatb = WiHE
° earching in 3 lepton regions. -jetan or 2 additional non b-tagged jets 801 post-Fit =207
o Signal includes resonant Z-boson and non-resonant diagrams (m,,> 30 GeV) o Uty ]
o Z/top mass reco.: lepton pair assigned to Z if [m,,-m,| < 10 GeV, other to top (et) 7
e  Dominated by VV and ttZ (prompt lepton) and Z+jets and tt (hon-prompt lepton) 1
o  Dedicated CRs in 3{ (prompt-lepton) and 2{ + 2b (non-prompt) ]
° NN to increase sensitivity to tZq B
o Based on leptons from Z, jets, top, b-tagging information
° Inclusive cross-section extracted from template fit in NN score (tZq, ttZ), m; (VV), yield 5 1_2, I A '
& 12f t
(ttbar) S 1ok ¥ ) % % i
o Dominated by prompt lepton modelling and jet/lepton uncertainties - N + , t TR + ,
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ONN
z +13 +7 Uncertainty source Ao /o [%]
o qATLAs = 97 .13(Stat) .7(sy5t) fb Prompt-lepton background modelling and normalisation 3.3
(14% precision) Jets and Ef"* reconstruction and calibration 2.0
2 Lepton reconstruction and calibration 2.0
Luminosity 1.7
Non-prompt-lepton background modelling 1.6
Pile-up modelling 1.2
For Mmye> 30 Gev MC statistics 1.0
1 tZq modelling (QCD radiation) 0.8
tZgq modelling (PDF) 0.7
CR diboson 2j0b CR diboson 3j0b Jet flavour tagging 0.4
NLO — +5.2 +1.0 Total systematic uncertainty 7.0
0%, = 10272 | [ (scale) " | (PDF) fb en
Data statistics 12.6
4 17 + tW and Z + jets normalisation 21

Number of jets Total statistical uncertainty 12.9



https://link.springer.com/article/10.1007/JHEP07(2020)124

0% incl. and diff. measurements

Searching in 3 lepton regions (Z->€ { and t-> € vb)
o 1b-jet, atleast 1 additional jet (high-p,, forward)
o 3 leptons: pair assigned to Z within |m -m_| < 15 GeV , other to top ( et )
Dominated by ttZ, WZ, Zy and non-prompt
Non-prompt lepton background limited previous results.
o Mainly coming from tt and Z+jets background
o Dedicated BDT lepton identification (lepton MVA)
BDT to separate signal from bkg. Based on lepton, jets, top, b-tagging information
Inclusive cross-section extracted from MLE fit on BDT output score
o Three SRs: N,=1,N.=2 or 3 (WZ); N,=1, N>=4 (ttZ (4l), wz); N =2, N>=4 (tt2)
o  Dominated by tZq p./u., bkgs normalizations, b-tagging uncertainties.
¢ charge to separate SRs to evaluate 6'29( +)/c'%9( (- )
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http://arxiv.org/abs/2111.02860
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Prediction
Measurement

Differential cross-section measurement with re-optimized selection

o Neural network to extract tZq signal
Template fit: observable of diff. cross-section + NN score.
Unfolding through likelihood-based technique:

o py(2), My Po(l), cos(87), Ap(GD), m(t2), p(j), In()]
Good agreement with MG5_atNLO except for Mygp

o 5FS vs 4FS: mainly normalization differences.

o Sensitivity not enough to show a preference
Spin asymmetry fitted from parton-level cosf*
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0% incl. and diff. measurements

arXiv:2111.02860
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http://arxiv.org/abs/2111.02860

oY inclusive measurement

Phys. Rev. Lett. 121 (2018) 221802

Measured in 35.9 fb™1. Focusing on 1y decay channel (t->uvb)
Selection based on presence of 1y, 1y, 1 b-jet and 1 forward jet.
Dominant background is tty. Backgrounds are divided in

o Genuine-y ( tty, Vy, VVy, ..

): from MC. tty CR defined.

o Non-prompt photon: p.-dependent prob of misidentification of j/e->y

from data-driven technique.
e  BDT to increase signal discrimination

o  Based on object kinematics and reconstructed top mass.
e  Cross-section from simultaneous fit of BDT shape in SR and tty CR
o  Dominant uncertainties from jet calibration, signal modelling, Zy

normalization and b-tagging

Process Event yield
tt+y 1401 131
Wo+ets 329 +£78
Zry+ets 23255
Misidentified photon 374 +74
ty (s- and tW-channel) 57 £+ 8
VVy 8+3

Total background 2401 =178
Expected signal 154 +24
Total SM prediction 2555 £ 180
Data 2535
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https://doi.org/10.1103/PhysRevD.88.033003
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o incl. and diff. measurements

e  3lepton and 4 lepton signal regions with a Z-candidate ( |m,, - m, |[<10 GeV) Uncertainty Aciiz/oiiz [%]
o Binned in b-jet and lepton-flavour. 12 parionshoyer 31
e  Diboson dominating background in 3¢ (WZ) and 4{(2Z) -> dedicated CRs ;‘Zazg;‘szdhng ;g
o  Fake lepton background obtalned.m data.\ (malrfly from dileptonic tt + HF) WZ/ZZ + jets modelling 28
m  Fake factors from data validated in dedicated VRs. £Zq modelling 26
o  Other backgrounds from MC predictions. Lepton 23
e  Results obtained by simultaneous fit of the 3¢ + 4¢ single-bin SRs and CRs Luminosity 22
o  Dominated by modelling uncertainties (signal and background) and b-tagging Jets + Efpiss 2.1
Fake leptons 2.1
@ 108 . . : : . . . tZ ISR 16
g oL ATLAS ; g;t:]}ets 'vaiz -:/gﬂ'ets 11Z ps and py scales 0.9
Vs=13TeV, 139 fb™ W WH [ Fake leptons [ Other Other backgrounds 0.7
10* 3l + 4] SR combination 7/ Uncertainty Pile-up 0.7
10° Postfit A ttZ PDF 0.2
Total systematic 84
10° Data statistics 5.2
10 Total 10
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Data / SM
OO =
DOLND

NLO+NNLL+EWK — +0.09
- - . : o theo ([tZ2) = 0.86™%° | 'pb
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https://link.springer.com/article/10.1140%252Fepjc%252Fs10052-021-09439-4
https://arxiv.org/pdf/1812.08622.pdf
http://arxiv.org/abs/1907.04343
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o incl. and diff. measurements

e  Differential cross-section measurement into parton and particle level

o Iterative Bayesian unfolding (RooUnfold) for p.(2), pT(e, non-2), IA(P(t,ep,Z)l, |Ag(tt,Z)]|

o Except Nj (only particle-level)

e  Some disagreements in p.(Z), although overall compatibility between predictions and data.

o MG5@NLO and Sherpa comparisons.
o  Theory predictions to NLO+NNLL
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o incl. and diff. measurements

Uncertainty Correlated between Impact on the ttZ

*t(t)X = tWZ, tZgq, tHq, tttt, ttVV, tHW,ttW, ttH Source
. . range (%) 2016 and 2017 cross section (%)
° 3 lepton and 4 lepton signal regions. Integrated luminosity 25 X 2
o 3 lepton binned in N_ and Nj -> Dominated by WZ and t(t)X* gggz\;deﬁng 1;2 : ;
m  Control regions of backgrounds in 3¢, N, =0 Lepton ID efficiency 45-6 v 4
H ; ; _ H _ ; Jet energy scale 1-9 v 2
o 4lepton binned in Nb (required one Z ca.ndldate) > Domln.ated by 72z Jetenergy esolution ¥ v <
n Control regions of backgrounds in 4l + two Z-candidates b tagging light flavor 04 x <1
. . . . . . b tagging heavy flavor 14 X 2
e  Results obtained by simultaneous fit of the defined signal regions Cholopin upead i 14 v 1
o Dominated by lepton identification uncertainties, the WZ cross-sectic PDF choice 1-2 v <1
.. .. Color reconnection 1.5 v 1
and statistical uncertainties. Parton shower 18 v <1
4 WZ cross section 10 v 3
. CMS | — | 717-5 fo™ (13 TleV) WZ high jet multiplicity 20 v 1
§2] T 3 WZ + heavy flavor 8 v 1
S + Da{a nz (X Wi . .IXY ZZ cross section 10 v 1
®10¢ zz [Rare [ Nonprompt Uncertainty t(t)X background 10-15 v 2
S 3 leptons X7 background 20 v 1
> Nonprompt background 30 v 1
-g 10° Rare SM background 50 v 1
S Stat. unc. in nonprompt bkg. 5-50 X <1
z Stat. unc. in rare SM bkg. 5-100 X <1
10? 2 Total systematic uncertainty 6
Statistical uncertainty 5
10 Total 8
_ +0.05 +0.06
1 Ocms (ttZ) = 0.95 _0.05(stat) 006 (syst) pb
15 ; ;
'o [
£ g f . ‘h et : ¥ NLO+NNLL+EWK +0.08 +0.03
by ; ; : . o (ttZ) = 0.86" (scale)*®: (PDF) pb
= 05— , , - , , - , . - . theo -0.09 -0.03
g 1 2 3 >3:2 3 4 4.2 3 4 >4:0 >0 10
a N Ny § N No arxiv:1907.04343

arxiv:1812.08622
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do/dp(Z) [fo/GeV]

—

Pred. / Data
o

Differential cross-section measurement with high-purity regions:
30, 1 b-jet, 3 jets but limited by statistics -> Coarse binning of variables.
Iterative Bayesian unfolding to p.(Z) and cos6.

Good agreement with MG5@NLO and NLO+NNLL predictions

o

(o]

Sensitive to anomalous t-Z coupling

Evaluated anomalous couplings in the SMEFT framework.

o incl. and diff. measurements

JHEP 03 (2020) 056
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o™ inclusive measurement

T T T T 1 T T LI T T 1 1T T 1 T T T 1 T T

%)

e  Measured in 36.1 fb™! together with ttZ cross-section € 10° & arias e Data o W =
o  20same-sign lepton (2¢ -SS) and 3l regions enriched in ttW. :>j - {s=13Tev,36.1f0" mmtiZ m Wz 3
o Both, veto on lepton pairs compatible with |mj,-m, | < 10 - (post-it) mm Other i ttH ]

mm Charge-flips y+X

o  2lseparated by sign of leptons. 3(, sign of the sum of lepton charges B Fake Leptons 7/, Uncertainty

e  Fake background estimated (2) and WZ (30) in dedicated CRs 10°
° Simultaneous fit of SR and CRs enriched in ttW to extract cross-section
o Combined fit with ttZ enriched regions yield similar results.
o  Dominated by modelling and fake lepton statistics/modelling.

ry|

10
Uncertainty Tz Otiw
Luminosity 2.9% 4.5% 3 i
Fit configuration i

Simulated sample statistics 2.0% 5.3% g Hiiz Heiw

Data-driven background statistics 2.5% 6.3% Combined 1.08+0.14 1.44 +0.32 1

JES/JER 1.9% 4.1%

—— {58 BI% 2¢-0S 0.73 £0.28 - < 5

: o 3 36172 1.08 + 0.18 Y PO NS 7 4/ YA
Other object-related 3.7% 2.5% i Us £ 0. - a 1 ‘(‘” *.”’ & ”‘""‘ ‘?‘ /‘//"/‘/i W/f o ‘facid
Data-d.nven background normah?auon‘ 32% 3.9% 2£-SS and 3¢ W i 141 +0.33 5_; 05 z 5,8.5,5L8,5,5,515J0L5,% Lwlglg,%lglg.nlg .%,5,%1% z § =
Modeling of backgrounds from simulation 5.3% 2.6% 4¢ 1.21 + 0.29 _ a} 22323233338232242332 q 8332333 % R
Background ti 23%  4.9% TERTREzIYgo9RAYaYYY ET I TR T
BOKE RG] CRamaIRecH i o o 35$5%53,5¢%5%5%£¢%£%£Eﬁ%s«%%%«%§§
Fake leptons and charge misID 1.8% 5.7% D920 2902 0290220202020 375%20%20%20 35
77 miodeli 4.9%  0.7% 8%%3%;3g%g%é%g%g%g”“é-}%g%g"”
modeling Ao . /Mo =

/W modling 03% 5% Significance = 4.3 o (exp 3.4 o)
Total systematic 10%  16% (ttw) = 0.87+0-13 (stat)*014 (syst) pb (ttW) = 0.60*0-08 pb
Statistical 84% 15% OatLas U 014 ¥YSUP Ftneo 009 12

Total 13%  22% arxiv:1610.07922 arxiv:1504.03446
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Events

JHEP 08 (2018) 011

o™ inclusive measurement

Uncertainty from Impact on the measured

° Measured in 35.9 fb'! together with ttZ cross-section Source each source (%)  ttW cross section (%)
o  Two lepton events same-sign lepton regions (2¢ -SS) enriched in ttW.  Integrated luminosity 29 4
. . = Jet energy scale and resolution 2-5 3
o 30 and 4l enriched in ttZ, similar to 77.5 fb-1 measurement. Trigger 2-4 45
e  Two lepton enriched regions dominated by backgrounds: e o e
o  Presenting fake leptons (Z+jets, tt) -> data-based fake-factors Lepton ID efﬁdency 27 3
o  Leptons with misidentified charge-> MC validated in data gg‘;iceinF‘R and : :1
e Inclusive ttW cross-section estimated fitting 2¢-SS regions and 3(, 4{ Nonprompt background 30 4
o  Separate strength parameters with ttW and ttZ. ‘ZNZZ cross i‘fﬁﬁm 102‘020 <
. Cross st on —_
o ttW* (ttW') evaluated in ¢+¢* (£-€-) channels. Charge misidentification 20 3
Rare SM background 50 2
B t(t)X background 10-15 4
60 CIYIS I . T r T T T T T T T T T T T 35|'9 b |(13 T?V) Stat. unc. in nonprompt background 5-50 4
L ¢ Data [tW  tiZ g Nonprompt BWzZ  t)X mRare @Charge mis-ID Stat. unc. in rare SM backgrounds 20-100 1
i I Total systematic uncertainty —_ 14
40 o(pp — ttW™) = 0.58 £ 0.09 (stat) " 0.0 (syst) pb,

__ 0<D<0.6
/,

o(pp = ttW™) = 0.19 & 0.07 (stat) =+ 0.06 (syst) pb.

Oy (ttW) = 0.77°012  (stat)*®13  _(syst) pb

Significance =5.3 o (exp 4.5 )

O,pep ((tW) = 0.60%0°8 | - pb
T Yy By N1 pg T Yty By N1 ity B N1y g d Iy By s g, 13

arxiv:1610.07922 arxiv:1504.03446
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> 16||llIYlI||IIII|IYll'IIIIIIIVIIIIIIIIIIY'IIIIIlll
e  Measurement in the dilepton channel (ep) with charged OS leptons. 3 - ATLAS ¢ Data
o One SR with requirement of 1y and 2 b-jets. g 14fe=13Tev, 13910 Mty eu
. . o - ew WtWy en
o Well-separated objects are required AR(p,p,) > 0.4 p=euyb,b, & 40 [ Other tiy /AWy
° Selection dominated by signal, backgrounds (hadronic and electron fakes, Post-Fit Wi h-fake
prompt y) from MC. 10 [e-fake

[]Prompt y bkg.
77Uncertainty

° Combined tty and tWYy process to extract its cross-section.
o  Fitting ST : scalar sum of p_ of all objects and p, ™.

LI ELILINLES B I ) LTI EELIRLEEL I AL

vl b by b by by a g by

Prefit, MC Category Uncertainty
scaled to data tFy/tWy modelling 3.8%
Background modelling 2.1%
Events Photons 1.9% b E
tiy e 2391 + 130 Luminosi 1.8% a i /* E
m’;y l:y (ocs 15 - y i 5 )//MQ//#«/A/(%/* % M //ééf
o
iz Pile-u 1.3%
I?tf{zair ey 2322 1(5) LeptonIJ)s 1 10’: %7300 300 400 500 600 700 800 900 10001100 1200
-fake % S; [G
e-fake 23+ 12 Flavour-tagging 1.1% i
Prompty bkg. 87+ 40 ;i‘fjti‘ear“nf‘gju g-gj’: Oprias (TEy+EWY) = 39,7008 | (stat)'28  _ (syst) fb
T ;
Total 3014 + 160
tWy parton definition 2.8% G ]
Data 3014 Total syst o theo (tty+tWy) = 38.5 s (scale) _1.18(PDF) fb 1
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. . . . . . . . Table 3: y2/ndf and p-values between the measured absolute cross-sections and the NLO calculation.
e  Differential cross-section using iterative Bayesian unfolding. B -

e  Absolute and normalized diff. cross-sections provided for: ’ ) 7162]
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1 lepton channel 2 lepton channel
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2 lepton channel

1 lepton channel

° Particle-level unfolded distributions. Iterative Bayesian. e  Particle-level unfolded distributions
° Good agreement within uncertainties comparing MG5 and e  Good agreement within uncertainties
some shower models. Agreement evaluated through x? evaluated through x2
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Conclusions

LHC Run-2 data and new techniques allowed to improve sensitivity to t(t)V measurements.

Inclusive and differential cross-sections computed for several processes
No observation beyond SM expectation observed so far
Analysis become systematics dominated

LHC Run-3 is coming ! More results are coming! Stay tuned !
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o™ incl. and diff. measurements

e  Measurement performed in 2{signal with OS charged leptons. E [ -ATEAS ¢ Data ]
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o™ incl. measurements

Source Relative uncertainty (%)
e  Measurement in 1l signal region and 3 jets (exactly one b-jet) Experimentyl
Jet energy scale

o  Control regions with 2j (W+jets, QCD) and 4j (ttbar). b tageiny cffciency 5
° BDT to separate tWand tt. Luminosity ;
1

. . . Lepton energy scale
o  Well-modelled kinematic and event-level variables. Trigger efficiency

o Trained separately for electron and muon channels I encrgp e iR .
b tagging misidentification rate <1

e  Simultaneous fit of both lepton channels and CRS for cross-section on BDT Unclustered energy <1
templates. Fileup <

Normalization
o  Dominated by QCD normalization and jet calibration uncertainties T e—
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