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. Inclusive and differential tW production at 13 TeV
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Flavor-changing neutral currents between the top
quark and the Z boson at 13 TeV
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Leptonic charge asymmetry production in ttW final
states.
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Observation of single-top quark production in
association with a photon
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Search for FCNC in top quark decays. Introduction

Couplings of top quark to lighter quarks with same charge (u, c). @ Arxiv: 2301.11605
ATLAS . These couplings can be studied as an Effective Field Theory (EFT). Submitted to PRD

/ tE-like W\

1
Logr = Low - ) CiO ¢
NP\ t
\ g ’
Suppressed by the scale at The strength of these ; z
which new physics appear. couplings is given by the
Wilson coefficients. J

* tZq couplings for tensor operators of the extended theory are

measured in tt-like and single-top-like topologies. (u . single-top-ike Z\
Coupling Left Hand operator Right Hand Operator
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https://arxiv.org/abs/2301.11605

@ | Search for FCNC in top quark decays. Event selection

ATLAS The baseline selection includes three tt-like single-top-like
EXPERIMENT — final state lepton topologies, with: SR1 SR2

« Leptons: pr (£) > 27 GeV [ > 2 jets ] 1 jet [ 2 jets

* OSSF pair with|m,, — my| < 15 GeV 1 bjet . 1 b-jeZOG y . 1 b-jf::L )
* Overlap between regions is removed by B my(by,v)> ¢ n:e'l;g w» V)> e
Im; e —myl < 201 e - im5 ee —my| > 201 e

including additional cuts on top-
reconstructed kinematics
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Search for FCNC in top quark decays. Background estimation

© L B L B L B B B N ggpfl T T T T
AT L AS . . . . % 140 ?ErﬂgTev, 139 fo” ;r?.zlth WWALF 3 g %TL‘;gTeV 139 fo" ;Ezith VWALE
* A binned likelihood fit to the three BDT scores. 5 SR HWHHE Wz 5 '°F sre HVVHE  EZ
EXPERIMENT @ 120 p,>-08 W Fake lep. [Other bkg. ] & - Dy>-0.7 or D} > -0.4 WFake lep. [Other bkg.
Post-Fit 7 BKg. uncertainty ] 120: Post Fit 7/ Bkg. uncertainty 1
100~ --- FCNC (e)tZ = 50 ] o - FCNC (c)tZ x 50 -
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Search for new physics in boosted topologies
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Search for new physics in boosted topologies. Introduction

5 « EFT effects can be also studied in boosted topologies. A search for tt [ Arviv: 220812837
/—— |  production in association with a boosted 7 or H is presented. Submitted to PRD

()
* Very sensitive to EFT couplings athigh  » ~_ -~ Z G ) /g t \
transverse momentum of Z/H bosons. eff SM = Ad—4 1

CMS Simulation 13 TeV CMS sSimulation 13 TeV

% =

2 po0 cz/A* [TVl = © 500 cow /A [TeV7] =

- & 4 I <
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* The goal is to target single-lepton final states with Z/H- bb.
* MVAs are used to discriminate from tt+jets background.



https://arxiv.org/abs/2208.12837

Search for new physics in boosted topologies. Analysis strategy

* Large Lorentz boost decay products will be collimated and may be reconstructed as a single
"bigger” jet than resolved ones.

W

* The large background coming from tt+jets makes it challenging
to accurately reconstruct the bb pair from the bosons decay. ° W

* MVA techniques are used in order to distinguish between
ttZ/H— bb and tt+bb and tt+LF/cc.

b
- CMS Isfn?uf'a:ff?"': R — 13 TeV CMS Simulation 13 TeV
| | (7)) L F ' ! 1 ¥ ' ! I_ ' ¥ ' 1 ' ¥ ' 1 ! ¥ LI
o 60 Mtt+bb --ttZx 10 - i 100 & —ttH — bb maicheq —tt + bb ]
> - [ Single top -=ttHx 10 - = : ttZ unmatched —tt+LF, tt+cc :
E Mttt oy, ttW, tHW, tHq # Stat. unc. ] = p%"” cand. < 300 GeV
3 40 200 < pZHeand: 300 GeV - < 107
DNN score = 0.8 | N
20 - 102
_____ ; N T 10—3 T T B TN TR TN T R T T
50 75 100 125 150 175 200 06 02 04 06 08 10
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" Compact Muon Solencid

WC/ A2 95% CL interval [TeV 2]
(Others profiled) (Others fixed to SM)

/N 1056300\ [ 10.20,30] )
Coq/ N2 [—8.3,9.9] [—6.6,8.7]
3o/ N [—4.4,3.9] [—4.1,3.0]
Cot/ N2 [—13,7.9] [—12, 6.3]
Cotn/ N2 [—10, 12] [—9.9, 11]
cow / A? [—1.6, 1.6] [—1.0, 0.96]
cow /A2 [—4.3,4.3] [—4.2,4.2]

2
iz /A . [—1.7, 1.7] D [—1.0,1.1]

Provide competitive constraints on EFT
WCs in a previously unexplored phase
space

—2AInL
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CMS 138 fb' (13 TeV)
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Search for new physics in boosted topologies. Results on EFT constraints

» Two likelihood fits are performed for each WC: with all other WCs profiled in the fit and with all
/~—— | other WCs kept fixed to SM.

CMS 138fb™" (13 TeV)
Cro |
A2
C_—Q | _—
A2
3 ——
{:Q';Q B —
A2
{:lp‘t -
A2
Cotb L
A2
caw | 1 68% CL. interval
A2 == (Others fixed to SM
== Others profiled
A2 e——— 95% CL interval
— Others fixed to SM
Gz | T — Others profiled
A2
-10 0 10 20 30

Confidence interval [TeV 2]
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Arxiv: 2208.06485

m Submitted to JHEP

24ss strategy

* A Deep Neural Network (DNN) is used to distinguish
between signal and background events.

* Lepton flavors and electric charges are used to further

categorize events
138 b (13 TeV) 5 — \\——’JJ
I I |

* A single observable (ms,) distribution is optimized to
extract ttW signal.

200

ﬂ 1 1 I 1 I I | I — *__—1
5600/ — D Dib -
2T et mr Eoneen ] | St strategy
| er arge mis a B . B . . .
o i e Nonprompt e « Twelve different categories are defined in terms of jet
B .tz 0 Total unc. 7 ST
400 — prpT g prpT g - and b tag multiplicities, as well as the charge of the 37
|2 ' ] % 3 >3 ] system.

-

‘ L
5 14F T R 3¢ and 44 control regions
T 12k : ! : : . _
% . g-_\\w\\*‘%\i&\\\‘.@\w *\\\‘*\*\\ﬁ\\\i\\\\\‘%\\:\\*\\\\“‘% « Two extra categories targetting WZ, ZZ and ttZ
Soef .+ & R S enriched regions are defined to gain better control over
1 2 1 2 1 2 1 2 1 2 1 2
these backgrounds.

Number of b-tagged jets



https://arxiv.org/abs/2208.06485

Inclusive ttW cross section measurement at 13 TeV. Analysis strategy:.

2
Cempact Muon Solenoid

\| + Final ttW normalization is extracted from a combined binned profile likelihood fit to all 2¢ss +

3¢ + CRs distributions.
-1
o o0 10 _(13 TeV) 138 fb” (13 TeV)
— - = (rrrryrr1rrrrrprrrrp T T T T T T
S gool- CMS ¢ Data  mm Diboson — & CMS + Data —
o - Prefit B ttw o Conversions - W B B Other o ftH i
& - e I Other | Charge misID - I= - Prefit. 2i2b B iz  Diboson i
= A o tiH I Nonprompt s o e ’_|_J ' [ Conversions [l Nonprompt |
o 600 Bl tiZ/y* . Total unc. — m 40— g=(+y¢ 2% Total unc.
m [ ] - .
400 - I ]
=
200
0
B 14 ' ' ' ' ' ' ' ' = o
X 1.2 . - 3
o ] o
AN S
s oefp .. =
0O 01 02 03 04 05 06 0.7 08 09 1
NN discriminant




Inclusive ttW cross section measurement at 13 TeV. Results.

=5 Compacl Mucn Solenoid

> Source Uncertainty [%]
8 e Experimental uncertainties

vz Observable Measurement O (ction plntegra:d lurrﬂntzsi; 19
v\ [ NLO +NNLL NLO + FxFx b tagging efficiency 16
Trigger efficiency 1.2
Taw 868 & 40 (stat) & 51 (syst) fb 592 £3° (theo) fb 722 72 (theo) fb Pileup reweighting 10
L1 ineffici 0.7
Tew+ 553 = 30 (stat) £ 30 (syst) fb 384 133 (theo) fb 475 25 (theo) fb et energy seale 06
+26 +24 Jet energy resolution 0.4
Ow— 343 £ 26 (stat) &= 25(syst) fb 198 717 (theo) fb 247 "5- (theo) fb Lepton selection efficiency 04

+0.07 +0.37 +0.27 -
Charge misidentification 1.6
1 Nonprompt leptons 1.3
1 38 fb- (1 3 TeV) VVV normalization 1.2
[ T | T T T I T T T I T T T | T T T | T T T I T T T | T T T ‘ T ] EVV mrmliﬂtim 12
- CMS = Measurement ,/p EPJC 80 (2020) 428 . Conversions normalization 0.7
— —] tty normalization 0.6
i — Stat. unc. | JHEP 11 (2021) 29 i ZZ normalization 06
= Total . Other normalizations 0.5

. ~— T1otal unc. _ . - R

i ] ¢ Factor two of improvement 7 normalization -
i Nominal +stat +syst |  On the systematic tZq normalization 02
[ e 7 ’?; 845 +117 +111 ] uncertainty with respect to tHq normalization 02

= - Modeling uncertainties
L e %; —— 006 +61+68 1 2016 measurement! W senle 8
ttW col ti 1.0
R 4  wexes S
- Dilepton G e B iy scale 04
- Trilepton /L—' 649 =104 +96 i :‘;:I'";;‘:]Z]e E;
B Combined ’//: T 868 +40 51 N Conversions 0.2
| | | 11 I | | | I | | | | | | | | 1| | I [ | | 11| ‘ | Simulation statistical uru:ertainty 1.8

200 400 600 800 1000 1200 1400 1600

Total systematic uncertainty 58



ChAS, !
/5 * Result compared to the latest theoretical
prediction for these cross sections
(provided by the authors of
JHEP11(2021)029).
CMS 138 fb" (13 TeV)
— 8T~ 777/ A B B
f= . 3 // ,  —— Observed E
N : / /. 7 JHEP 11(2021)029 °
- 6p B 65 cL E
55 B 95% cL =
4E .
ok
0 — | Ll ]
1 1.5 2 2.5 3 3.5
O/ W

350

300

250

200

Charge asymmetry in tHW at CMS (first steps)

CMS

* First steps towards a charge asymmetry measurement at CMS are also presented in 2208.06485

138 fb ' (13 TeV)

4+ Best fit
—4— JHEP 11 (2021) 029

68% CL
— 95%CL

-------
.

-
~ -
-------

450 500 550 600 650
o+ [fo]



https://link.springer.com/article/10.1007/JHEP11(2021)029
https://arxiv.org/abs/2208.06485

@ ~ Charge asymmetry measurements in ttW

ATLAS - ttW is the only process of the tt+X family whose QCD LO contribution@ Arxiv: 2301.04245

EXPERIMENT comes entirely from qq annihilation. Submitted to JHEP

* This results in a sizable difference in the rapidity distribution of
top quarks and top antiquarks.
* Top (anti) quarks tend to be produced with more forward
(central) rapidities than their counterparts.
* The asymmetry is further enhanced due to polarization
effects on the initial state W.

Asz(An5>O)—N(An5<O)
© N(Ant >0)+ N (Apt <0)’

* Thus ttW provides an excellent probe for new physics in the context of EFTs, given that Dim6 operators
are sensitive to these asymmetries.

« The ATLAS experiment has recently published its most recent search for charge asymmetry in ttW
leptonic final states, with the full Run 2 dataset.

* These asymmetries can also studied in other final states:
arXiv: 2212.10552 (ATLAS tty) and arXiv:2208.02751 (CMS boosted tt)



https://arxiv.org/abs/2301.04245
https://arxiv.org/abs/2212.10552
https://arxiv.org/abs/2208.02751
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Charge asymmetry measurements in ttW. Analysis strategy

+ Baseline selection of three leptons and at least one OSSF pair.

* Selected events are classified into four SRs that differ in 7. and n}, ¢, multiplicities.

» Four additional CRs are built to control the effect of major backgrounds.

Preselection

N

Ne (E=e/p)
py (19/27/3')

Sum of lepton charges

=3
> 30GeV, = 20GeV, = 15GeV

+1

Pseudorapidity measurement

m{F)ESF > 30GeV
‘ Region-specific requirements \
SR-1b-lowNjeis | SR-1b-highNieis | SR-2b-lowNjeis | SR-2b-highNies
NthS [27 3] 2 4 [27 3] 2 4
Nb.j{:ts = ]. = 1 :2 2 2 2
EPS = 50 GeV > 50 GeV - -
N, Z-cand. =0
Lepton criteria [T
\ e/y ambiguity-cuts satisfy all )

™




@ | Charge asymmetry measurements in ttW. Analysis strategy

EXPERIMENT simultaneous binned likelihood fit to the number of observed events , N (An)) = N(An))

200

Events

180
160
140
120
100
80
60
40

20

Y- NSRS

Data / Pred.
o0 —_ =

 The charge asymmetry is then extracted by performing a

in the SRs and some other kinematic distributions of the CRs. Ag

~ N(4n)) = N(4n;)

« Each region is splitted into An ™ = An? > 0and An~ = An? < 0.

ATLAS & Data ttw (acp) IRW (Ew) P
s= e ! i € “ ==
;‘R s:i;a\:;mgfb -;_im. -;Z -t"'z'; A, (ttW) 0.123 £ 0.136 (stat.) £ 0.051 (syst.) ‘
Postfit wz/zz +jets  [Jj Other 7/ Uncertainty '
A »
: W//M QL « Consistent with SM expectation

i M

|

{ +0.005
-ya,ef,@c/;//a@‘//yf-yc//¥/7%-’//-/é‘///-’/-’//,-Vyd////-/)///y-///#-/-//,f-/-,c/; ”ote ‘ Ag (ttW)sm = —0.084 —0.003 (scale) + 0.006 (MC stat.) ‘
SR. SR. SR. SR. SR, SR, SR, SR,
oy, Blowp, " Bhigry,  Chigny, By, " Dlowy, " Lhigy,, " Lohigy,,
SCls, 4?}“ /8ig, 43?* /B, 4?}5 Sofs, .(h}‘.c- Selg 4??~\ /&g, .{17}+ S5 4]??.., S5 . 4,}”






duction

4 . the tW proce s is the second most common production channel of top quarks | Arxiv: 2208.00924
4~——, | viaelectroweak mechanisms (single top modes) at the LHC. ' '

~ Compacl Mucn Solenoid
T

Accepted by JHEP

« tW (NLO) interferes with tt. 4

* Clearly background dominated.

DR scheme is used for the nominal
analysis, and the difference with
respect to DS scheme is taken as an
uncertainty.

e Two methods can be used to remove the
interferences: Diagram Removal (DR)

and Diagram Subtraction (DS). \
* Baseline selection: p x10° . | . 138 b (13 TeV) o 120X10° . 1387 (13 TeV)
. — c - ety ¢ Data ] c i Fi4: ¢ Data ]
» Dilepton channel: e*u*. g 600p cMs e tw ] & [ ems e (Umh) W ]
w n it 1 W 100 m i ]
I 500 1 - : m DY = i u ]
* Leading lepton pr > 25 GeV E Differential ™ N.ay ] i moY v
i m Non-W/Z ] m Non-W/Z ]
i m&e > 20 GeV. 400 : ﬁuncertainty :%:::::si: yﬁUncertainty .
« Categorisation based on aoobs Inclusive 6 -
number of jets and b tags. ]
200 —= 3 4 B
100 2 —
- 0 -
? : 3 12 5
o 1.0F a 1.0
~ 08F A= osp R
= ©0 (10) (. 20 @17 22320 g | 0 1 2 >3
o (Number of jets, number of b-tagged jets) © Number of loose jets


https://arxiv.org/abs/2208.00924

- tW measurements at 13 TeV Incluswe measurement strategy

CMS,

Cempact Muon Solenoid
T
I

A BDT is used to discriminate tW from tt.

* To extract the signal, a maximum likelihood fit is performed to three distributions.

x10° 138 fb' (13 TeV) %10 138 fb™' (13 TeV) %103 138 fb”' (13 Tev)
ﬂ 16_'"I"'I"'I"'I"'I'"I"'I"'I"'I"'_ ﬂ L L e > 60—'"|"‘|"'|"'|"'I"'I —
§ [ cMs ¢ Data VV+iV ] § 25— cmSs ¢ Data VV+V 7 S - CMS  e'u"(2j2b) ¢ Data ’
o 14E - tw [l Non-w/z 9 o e tw [l Non-w/z 1 2 so0F tw -
12 (tjip) € %% Uncertainty 3 20 oj1p) A %% Uncertainty - P n | [ .
s DY . - . ) - -
10F- L] e : MY et 8 40F, Moy .
N PR *s 7 15— o i@ M@t cen @D — ]
85‘1 Q..rovuw.nw"».-~t~“d‘""."‘“ o ] [~ . e 30 VY —
- .Non-WJ’Z 7
%% Uncertainty E
B 1-0511» . 1 T 1.05F 1 v 1
— E ‘ . g g E @ L ]
% 0.95 E E: 15 : § 1?‘0‘“"“"’**‘*-%“0’-*"“‘wvwvwvw—%f\(-séiywmﬁ ;
S 6 8 10 12 14 16 18 20 g 0.95& = s 08t ]
= o o 2 4 6 8 10 12 < 740 B0 80 100 120 140 160 180
BDT discriminant L ®©
= BDT discriminant [

Subleading jet P, (GeV)

* The measured cross section is: gty = 79.2 £+ 0.8 (stat) = 7. 1(syst) + 1.1 (lumi) pb.

« Compatible with SM predrctlons at
. aNNLO(QCD): 65 = 71.7 + 1.8 (scale) + 3.4 (PDF) pb [PoS DIS2015 (2015) 170]

. aN3LO(QCD): 65 = 79.5 4 1.9 (scale) + 1.7 (PDF) pb [JHEP 05 (2021) 278].

_ Systematically
~ dominated



https://pos.sissa.it/247/170
https://link.springer.com/article/10.1007/JHEP05(2021)278

« The differential measurement is
performed using 1jlb with a veto on the

" Compacl Mucn Solenoid

presence of loose b tags in the final state.

Need to unfold detector effects so it is comparable
with e.g. theoretical predictions.

A fiducial region close to the measurement region is
defined, and the signal is extracted bin by bin using
maximum likelihood fits.
Usually done for specific variables.
* Leading lepton pr
: jet Pr B * pZ(ei: .uiij)
¢ A¢(€i,'u+) * mT(ei,/,ﬁ',j, p,}’}

The results are normalised to the fiducial cross section

iSS)

Overall agreement between data and expectations
within uncertainties

Compatible results between the DR and DS schemes.

tW measurements at 13 TeV. Differential measurement strategy:.

138 b (13 TeV)
————————)

3 -1 %1073
3510 138 707 (13TeV) || I A —
= c 1 T LA B B L L — —
% -t CMS -+ Data ] 3 B CMS +'[I')g;[aal unc N
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@ | Observation of ty production. Introduction

TLAS * The tyq cross section is measured in a fiducial phase space at parton level l Arxiv: 2302.01283

N R o= (excluding (t — ¢vby)yq) and particle level. Submitted to PRL

+ At least one photon with p;y = 20 GeV
At least one photon. Frixione isolated with AR < 0.2.

* One lepton matched to trigger.

* One tight b tag (no additional loose b tags)
« EMSS > 30 GeV o

* Veto Z mass between lepton and photon * One lepton with py > 25 GeV

At least one photon with pr > 25 GeV.
SR1: > 1 f] B SR2: Q\f]

— S ———— * One b with pr = 25 GeV
At least one forward jet. NO forward jet. .

Particle level

One neutrino not from a hadron decay



https://arxiv.org/abs/2302.01283

Observation of ty production. Results

LAS - Neuralnetworks are trained to separate signal from background.

EXPERIMENT « Input variables: EX**SS, kinematics of the photon, lepton, b tag and highest- p; forward jet; and
the mass of the reconstructed top quark.

Otqy X B(t = £vb) Fiducial cross section SM

Parton level 688 + 23 (stat) 173 (syst) b 515%35 fb

Particle level 303 £ 9 (stat)*33(syst) fb 217147 fb
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V2 Conclusions @

* In this talk we have covered some of the most recent analysis regarding ttX+tX physics ATLAS
" at the LHC from both ATLAS and CMS collaborations. EXPERIMENT

A search for FCNC couplings between the top quark and the Z boson (ATLAS).
* Improved constraints on EFT couplings by factor 2.

Latest inclusive ttX cross section measurement (CMS) and dedicated charge
asymmetry measurement (ATLAS).

» Agreement with the SM within 2¢. Need to improve modelling of ttW MC.
* Charge Asymmetry. Statistically limited. In agreement with SM.

A search for EFT effects on boosted topologies in ttZ/H (CMS).
« Competitive constraints on EFT couplings for boosted topologies.

An inclusive and differential cross section measurement of the tW process (CM5).
» Systematically dominated measurement. In agreement with SM.

An observation of ty production using the full Run2 dataset of the LHC (ATLAS)
* Verified this process as one of the rare top-quark production processes.

B ompact Muan Solen

* There are many more results publicly available in ATLAS and CMS public websites,
so check them out!

* And stay tuned for future Run3 measurements!

Thank you very much for your attention (and to the organisers)


https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults#papers_table
https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP/index.html
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