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ATLAS

Top quark measurements with ATLAS

. , Top Quark Production Cross Section Measurements Status: November 2022
* LHC is a top quark factory _
et ATLAS Preliminary =
— . [— Theor
+ Large Run 2 dataset (139 tb 1) enables precise b 100 Fg. | Runi,2 v5=5,7,8,13 TeV ' -
. : LHC pp Vs=5TeV -
measurement of many processes in top-sector - = BE oo 027
. . - B LHC pp Vs=7 TeV |
+ eg. observation of charge asymmetry in 77 10° £ o =B . g
production o LHC pp V=8 TeV
"' BB Data 202-203fb2
¢ Also all bi 0 E ] ‘f
so allows probing very rare processes, eg. 5 " LHC pp V5= 13 Te :
BEl Data 32-1391!
* observation of 4-top production, L 5 |a ]
(New! reference to arXiv will be available — N B o el
i —
tomorrow) Y _I_ -
107 F o E
+ observation of 7gy production a :
_ -
+ Full list of the ATLAS measurements can be 102 —
tt t tW t ttW ttZ ttH tty ty tZj 4t
found here . < chan o, erjets 1. ¢
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

Associated productions of top quark involving EW vertices

b

b W™

Direct experimental access to electroweak couplings of top quark
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ATLAS

Observation of gy production

arXiv:2302.01283

» Rare SM process, sensitive to top-y/ W= interaction

+ CMS reported evidence of ¢ + y with 36 ﬂ’?_1 data
(v/s = 13 TeV)

* Focuses on the dominant t-channel production w Y & H
* Events with photon radiated from the decay of top is not ¢
considered as signal A Ve, U

+ 2 SRs, requiring the presence of 1 photon, 1 e/u, 1 b-jet and 1 or 0 b
forward jet

+ CRs to control tfy and Wy

+ Neural Network used to distinguish tgy from backgrounds
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https://arxiv.org/pdf/2302.01283.pdf

ATLAS

Observation of gy production

arXiv:2302.01283
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B ~~-Uncertainty ~~ Uncertainty -

* Simultaneous profile likelihood fit performed using NN ool [ . 5 . E
output in SRs and CRs R

+ QObserved significance of fgy process: 9.30 (6.80 expected): 100

ag;’ = 688 + 23(stat)*7>(syst) fb

3 3 f |
Parton level - s S Y
id,SM 36 : 3 N .77, ) 7
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* ~30% higher cross-section than SM prediction
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8000 _ Post-Fit Be-y [l Other prompt y N 1800F- Post-Fit Be-y [l Other prompt y -
. . . . . i Hh—y [ |Fake leptons Clh—y [[]Fake leptons 1
* Dominant systematic uncertainties: - 7 Uncettainty  Uncertainty E
5000 bt
“ fty, tqy, tt modelling, limited MC statistics for minor SM
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backgrounds oy R
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https://arxiv.org/pdf/2302.01283.pdf

fry AI] ] ' . g TTTTT —= e &I.!T.ﬁé
[Ty . Analysis overview ! |
JHEP09(2020)49 :WVW\' 7 a
g TTTTTE—>= "
. . . b
+ Probes top-y coupling, sensitive to new physics through anomalous . -,
dipole moment of the top-quark also in the context of EFT Y e
. . . . . . Ve Vu
* Inclusive and differential cross-section measurement of combined . _ qfq y
_ , )
ity + tWy production ,
% 16_llll|Illllllllllllllllll llllIlllllllllllllllllll—
O - ATLAS ¢ Data ]
o 14-Vs=13TeV, 139 fb" Mtty ep —
o - e BtWy en -
+ Targets ey channel (clean channel) G o[ I Other tiytWy
" Post-Fit I h-fake -
X : : : : : : : 10 [e-fake —
* Inclusive and differential cross-section measured in a fiducial phase - Prompt v bkg. -
- ~-Uncertainty 7
space at parton level o :
6 i
+ Incl. cross-section measured by profile likelihood fit to S, ; :
41— ]
distribution i :
2 -
+ Ditf. cross-section measured using iterative Bayesian unfolding L0 _
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https://link.springer.com/article/10.1007/JHEP09(2020)049

tty : Results
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Dominant uncertainties: try/ Wty modelling

All measurements in agreement with SM
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https://link.springer.com/article/10.1007/JHEP09(2020)049

ATLAS

ttZ : Analysis overview

Eur. Phys. ]. C. 81 (2021) 737 5 t { ¢
>

* Probes top-Z coupling Lt Z/v*

* Any deviation from SM would imply existence of new

effects in EWSB mechanism \,\
g W

t
* Important irreducible background to many BSM searches
and SM measurements
£ 10° - - ' ' ' ' '
o ATLAS ¢ Data M tiZ WZ+jets
. Y ICE (5-13Tev, 139" G I Fa mor
+ Measurement targets 31 and 4l final states i e WteW/H [l Fake leptons I Other
10* 3l + 4l SR combination 7, Uncertainty
. . . o 3 Post-fit . . ...
+ Two 3l regions split by (b-)jet multiplicity 10
107
+ Four 4l regions based on same/ different 10

flavour non-Z pair, b-jet multiplicity 1

+ CRs to control WZ(31) and ZZ(41)

Data / SM
O ==
(0)T0 e Y \O N =N

* Inclusive cross-section extracted by performing
simultaneous profile likelihood fit to all SRs, CRs
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https://link.springer.com/article/10.1140/epjc/s10052-021-09439-4

Theory pred.:

ttZ : Results

Eur. Phys. J. C. 81 (2021) 737

* Incl. cross-section:

incl __
O-th o
SM __ +8.5%
0., = 8037 ., (scale)
@)\
2
N
(@)
& . —
N > 8- ATLAS
O [0} .
) O]
& Q
— o IN i
2 O "c ° i
e
ol
% i
=
aa 4+
B A
] +
0
2.0
Stat.
|
3|3
I.—
0.5
0
Buddhadeb M

+3.2%
—3.2%
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* Ditterential cross-section in 10 observables in particle and

parton level in a fiducial phase space

“ All measurements in agreement with SM

+ Dominant uncertainties: t#Z parton shower, modelling of

tWZ

[fb-GeV']

Z
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https://link.springer.com/article/10.1140/epjc/s10052-021-09439-4
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tt W : Inclusive cross-section ¢ . YATEAS

ATLAS-CONE-2023-019

+ First tt W measurement (New!)

t
+ Targets 2[SS and 3/ channels
* Several CRs included to control dominant backgrounds using data
* Inclusive cross-section measured by simultaneous profile q W=
likelihood fit to all SRs and CRs
o'W slightly exceeds SM expectation (compatible within 1.55), @ 10° ' . ' ' ' ' ' ' |
o ATLAS Preliminary ¢ Data ttw ttH
consistent with CMS D [ Vs=13TeV, 140 fb" Wtz tty*(LM) [l Diboson
10°F fw ML B Mat Conv [IJHFu [ HFel
—_— Post-Fit QMisID [ttt Other
_ 10 ~/Uncertainty - - Pre-Fit Bkg.
ATLAS Preliminary —®— ATLAS-thisresult | (;7W) = 890* ¢ (tot.) fb
/s =13 TeV, 140 fb™ CMS (2208.06485) 9% rel. uncert 1o
Stat. + Syst. Stat. only 10?
o(ttW)>M(FxFx) .
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

ATLAS

1t W : Dilterenual cross-section

ATLAS-CONE-2023-019

SR 0.12F 1 I I I I I I I | I I I I I I I | I I I I | I | I =
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+ Measurements agree good with SM L
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/

ATLAS

tt charge asymmetry

+ tt charge asymmetry (CA) arises in gq initial state from
interference between: born & 1-loop, ISR & FSR

+ CA experimentally accessible via observables:

: NA[y]|>0)=NAJy| <0)

Att_
© NA|y| >0 +NA|y| <0)
where A |y| = |y, | — | y;]

Rapidity asymmetry

arXiv:1207.0331

N(A [ny1 > 0) = N(A ;| <0)

N(A |1y | > 0) + N(A|n,; | <0)
where A |n;| = |n-| = [n]

Leptonic asymmetry

I _
oo AC _

do/dy

llllllllllllll
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ATLAS

Observation of 7z charge asymmetry

arXiv:2208.12095

» SM Af expectation depends on kinematics, e.g. longitudinal boosts ( ff) of tf system

« BSM scenarios also predict A" dependence on kinematics

2 Af sensitive to SMEFT operators encoding colour/ chirality structures 0t8u — (ZT}/ﬂTAI)(L_ti}/”TAMi)

x1p3 —— ——— ——— ——— — Z<1'03| - 1 r . r 1 . r T T r T 1T Tt T T J
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15 ; . : . ; :
topologies R i 1 400 | i | E
p g 10k e/u + jets e/u + jets 1 a300F e/p + jets e/ + jets E
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+ Inclusive and differential measurements of A F ] 200 E
: i 1 100F i =
1.2F | | pre-marg. | - 1.1;— | | pre-marg. - | —
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T 7 . = S B B —.—— e . I e
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() [ [

1:» -------- LIEEEEE CTEEEE L LLELE L LEEEREEEREED L EELLE L LLELE L EELED CIELEEREE - (] SEEITEEE PO @ucnee @ccacs N ...... 08 @ucucs P i PR @ ccacan- -

08E .\ - S — S ——

seZg sszgM 2228 2233 M
A — — | v- $ 9 o o Y 2 oS o 22 e s 2 2 s s
Buddhadeb Mondal vl=1ly|=1y;]l 2 2 s = 2 2 s =


https://arxiv.org/abs/2208.12095

tt charge asymmetry: Results

arXiv:2208.12095

« Inclusive A:

+ Evidence for non-zero A"
Al = 0.0068 = 0.0015(stat + syst) (4.70 from zero)

* Dominated by statistical uncertainty

+ Differential Af,f VS M,z
* Close agreement with SM

“ Precision of most SMEFT sensitive bins will improve with
more data

Buddhadeb Mondal
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https://arxiv.org/abs/2208.12095

ATLAS

tt charge asymmetry: EF] interpretation

arXiv:2208.12095
 ATLAS Vs =13 TeV, 139 fb"
_ Al vs. NNLO QCD + NLO EW
« Incl. and diff. A” results used to constrain " Differential m_,
. . ST : : ATLAS (s=13TeV, 139 fb” B o 4 —68% CL
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m,_ interval oL —1.\ ;_, o Best-fit value
* Results generally consistent with SM expectation —AD+ A" - 95% CL Ce [ a
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= Qq 5
* Complementarity of energy and rapidity G e — Cog [ T
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| 81 e SN
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https://arxiv.org/abs/2208.12095

tty charge asymmetry G

t

arXiv:2212.10552 (accepted by PLB) g
g
_ oL . ) g t
+ tty has enhanced contribution from ¢gg initial state Yq
t t
* Dominant effects from diagrams with ISR/FSR photon / % ‘
“ Leading to negative asymmetry a ! 7
..(2 ||||| I | I | ol I |||||||||||||||||||||
§ 12000_— ATLAS 7
L _ Vs=13TeV, 139 fb" _
KX . . 1 v 1 - +-Data [ tty production -
|+jet channel, neural network discriminator to maximise S/B 10000[- 0 06 S racay Pty
| Post-Fit [ ]h-fake y Il e-fake Y i
+ Kinematic reconstruction to estimate y,, y; 5000 HFakelepton. 7 Uncertainty -

» AN extracted at particle level after unfolding procedure 6000

4000
+ Result:

* A.=—0.003 £ 0.029 = — 0.003 = 0.024(star) = 0.017(sys?)

2000

: OF
« AM = —0.014 = 0.001(scale) (@NLO in QCD) : -
IS e o cccecccceccccs
+ Limited by statistical uncertainty o :
S |
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https://arxiv.org/pdf/2212.10552.pdf

ATLAS

ttW charge asymmetry

arXiv:2301.04245
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g q
e e
» 1tW production involves gg’ and gg initial states | : I\ _ H
W ;
e ¢ 499 \q‘:: . g W’é:

% Aé in 1t W measured in 3l final states

» Simultaneous profile likelihood fit to multiple
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https://arxiv.org/abs/2301.04245

Summary

* Presented highlights of ATLAS measurements of associated top quark
production in pp collision at 13 TeV

* Results consistent with SM expectations

+ All the ATLAS measurements can be found here

Thank you for your attention!
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

