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Top-quark physics at the ATLAS experiment

* Top quark decays before hadronization and information about its spin state is preserved in the
distributions of its decay products.

* Top quark mass is key ingredient in EW precision and QCD calculations.

* Top quark couplings to SM bosons and top quark decay products are sensitive to BSM particles.

* Broad program of top-quark physics at the ATLAS experiment.

* Will focus on five recent results:

Search for same-charge top-quark pair production in pp collisions at 4/s = 13 TeV (arXiv:2409.14982)

Measurement of top-quark pair production in association with charm quarks in proton-proton collisions at /s = 13
TeV (arXiv:2409.11305)

Measurement of tt production in association with additional b-jets in the eu final state in proton-proton collisions at
\/s = 13 TeV (arXiv:2407.13473)

Test of lepton flavour universality in W-boson decays into muons and electrons in pp collisions at y/s = 13 TeV
(arXiv:2403.02133)

Observation of tt production in the lepton+jets and dilepton channels in p+Pb collisions at \/syy = 8.16 TeV
(arXiv:2405.05078)
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arXiv:2409.14982

Search for same-charge top-quark pair production in
pp collisions at v/s= 13 TeV with the ATLAS detector
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Same-charge top-quark pair production

. . . d/s/b
* Same-charge (same-sign, SS) top pair production (tt ujc—>» > t
or tt) is strongly suppressed in the SM
* SS top-quark pair production is forbidden at LO in w W
perturbation theory
: : : ufc > t
* First ATLAS search for SS top-quark pairs using d/s/b
SMEFT with pointlike four-fermion interactions
e Three four-fermion operators are considered: U t
. Ot(i), 08} Oéi) with Wilson Coefficients (WCs)
e = 0.04, ;) = 0.1, ¢, = 0.2 and new physics
energy scale A =1 TeV
* Corresponds to cross-sections a(pp = tt) = 97.6 fb
and o(pp — tt) = 2.4 fb — highly charge asymmetric. ” ;

Different WCs setups by reweighting.
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Same-charge top-quark pair production

* Analysis Strategy:

e Selection: 2 same-charge (SC) leptons, 2 b-jets, missing ( opon avert saacion )
transverse momentum %

 Full Run 2 pp collisions at 4/s = 13 TeV with 140 fb~1 (Signa,v'i";!;?,:mj“(NN5vss))

* Neural network, NN>%°, used to discriminate signal events

( ) ( ) ( ) SR+VR (ctu) SR+VR (cQu)
originating from c,,” vs cg,, or ¢y, | I ekl |
lepton charge

* These are split by Ieptgn charge, ++ or - -, due to different v
kinematics for tt and tt, and NN>¥*8 are trained to separate (s;;gf) (SZZ"R) (533‘15) (SCZZ"R)
signal and background .

* Signal regions (SRs) additionally required A¢;; = 2.5 and Signal vs Bkg NN (NN
validation region (VRs) A¢g;; < 2.5 to validate the background ro <2e
modelling. Cer

* Control regions (CRs) used to constrain normalisation of y Yy >y vy oy vV ¥y ¥
major background processes. Binned profile likelihood fits . . . .
over SRs and CRs simultaneously. e e i e
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arXiv:2409.14982

250 Post-Fit

Same-charge top-quark pair production i~z - &

OHFp W HFe
@Mat Conv  [JQMisID
[JOther 77 Uncertainty
--- Pre-Fit Bkg.

* Statistically-limited results, largest systematic uncertainty from ttW modelling
uncertainties.

* Largest background from ttW events.

* Good post-fit agreement in CRs and SRs. Results are in agreement with SM . — |
« Observed (expected) upper limit on production cross-section at 95% CL: §ogiwwm%w/; ///////WWW%W
a(pp > tt) < 1.6 (2.0) fb L et
* 1D limits set on WCs by varying single WC at a time, the observed (expected) limits e = gﬂ’ii”sefriffjnlegmm
at 95% CL: ¢, < 0.0068 (0.0071), ¢y < 0.020 (0.022), cgy,) < 0.041(0.046) o
* These are most stringent limits on WCs, improving previous limits by factor ~ 10 | o

Wilson Coefficient CIs at 95% CL ( x1072)

Uncertainties cgllt) C(Qll,)t cgi CGu  mmmmmmmmm eSS e e e
Statistical uncertainty only [-0.65, 0.65] [-1.9,1.9] [-3.9, 3.9]

Statistical + modeling uncertainties  [-0.67, 0.67] [-1.9, 1.9] [-4.0, 4.0] [1]ATLA§’2JHEP1°‘2°15’;T " " "
Total uncertainty [-0.68, 0.68] [-2.0,2.0] [-4.1, 4.1] ¢
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arXiv:2409.11305

Measurement of top-quark pair production in
association with charm quarks in proton—proton
collisions at +/s= 13 TeV with the ATLAS detector
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Inclusive cross-section tt + charm jets

* tt + heavy-flavour (HF) jets (c-jets, b-jets) is large irreducible
background to many analyses (e.g. ttH with H — bb)

* tt + HF is challenging to model due to scale hierarchy from tt
production to bb/cc¢ production from gluon emission.

* Analysis strategy:
 Single lepton (1L) and dilepton (2L) final states, (e, u)

* Simultaneous identification of b-jets and c-jets — utilises custom b/c
flavour-tagging algorithm with the WPs:

g 40001~ ATLAS , $Daa  Ett=2e £ 2 arias I ¢ Data .n+22cI
* c@11%, c@22% (with b-jet rejection rates 28.7 and 18.9), Y el T O Wt Wt o] 0 fsron o Wie - Eien
. . . . Post-Fit WiNon-Top  [E]Fakes PosLFit W Non-Top [HFakes
* b@60%, b@70% (with c-jet rejection rates 37.1 and 12.2) 7 Uncertainty 7 Uncertaity

Dilepton

e Fitin 19 regions (12 control regions, 4 1L signal regions, 3 2L signal Single Lepton
regions) using profile likelihood fit

e POls: tt += 2c and tt + 1c signal strengths
° ’ Niis

80

60
40

2

Data / Pred.
Data / Pred.

0.95

* Normalisation factors for tt +> 1b and tt + light are free-floating #:
T

* Measure cross-sections in fiducial phase space and cross-section
9 0.

1/%//)%//%/////////////////////%////////
ratios in more inclusive phase space | ° "
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Inclusive cross-section tt + charm jets

o FldUC|a| Cross_sectlons . IEEata total)stat. u.ncer‘tainty I - ‘t§+bt§ PO\INheg+Pyth%a8 » | f\/'ls_'Lfg v 140"
fid (5 _ +0.16 +0.21 R oodt o Ao |
0- (tt +2 ZC) - 1'28—-801207(Stat)—022(SySt) pb tf Powheg+Pythia8 phd = 1 tf+bb Powheg+Pythia8dli);doIerecoil
. <+  tf Powheg+Herwig7 - tf+bb Powheg+Herwi
- - 1-28_024 pb tfMadGrzphS_aMgC@NLO+Herwig7 - ti+ZZZher:)ag2.l-2l.10 7
ol4(tt + 1c) = 6.4733(stat) + 0.8 (syst) pb s 90 B o
_ +1.0 tF+jets| (47.1+2.3)x 0.1 | 52 _:__
= 64455 pb | - H= _
. Lar%est uncertainties from tt +> 1c signal modelling, el (G60+1.8) <01 —_— —
calibration of b/c-tagger, and data statistics. o —— ——
* NLO+PS predictions for tt +=> 2c and tt + 1c cross-sections & -
are largely consistent with measured results but ftrze| 1284025 o} =i
underpredict by 0.5 to 2.0 standard deviations. e e
* Measured cross-section ratios of tt +=> 2c and tt + 1c to ez 10) 2462024 =it ==
total tt + jets production in more inclusive phase space as: ——— ——
inC 0 inc 0 0 1I 2 3 ‘ : Fiducialiross secti?)n [pb] 080 075100 :V.I%E)/ Dggo
tirsze = (1.23 £ 0.25)% and R51 . = (8.8 £ 1.3)%

e These are in agreement with POWHEG+PYTHIAS8 simulations
within 0.9 and 1.1 standard deviations.
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arXiv:2407.13473

Measurement of tt production in association with
additional b-jets in the eu final state in proton—proton
collisions at+/s = 13 TeV with the ATLAS detector

ATLAS

EXPERIMENT



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-03/

arXiv:2407.13473

tt+ b-jets productionin ey final state

* Analysis strategy:
e Select OS eu, = 2 jets, = 2 b-jets (DL1r 77% efficiency)
e Fiducial integrated cross-sections in 4 regions: ey +
>3b|=4b|=3b+=>1l/c| = 4b+=1l/c
* Normalised fiducial differential cross-sections

» After subtracting the estimated background, the data is unfolded to
particle-level using an iterative Bayesian technique

£18000
c

* Akinematic algorithm is developed for the classification of the origin of °>’1sooo:éfﬁ§‘ivl T
b-jets (from tt or gluon radiation). The probability of correct Cracoofychamel QU ei-osiost ]
assignment of a b-jet (=2 b-jets), in a given bin, ranges from 50% to 12000 i |

85% (40% to 75%). 10000¢

« Significant background from mistagged jets in tt+light and tt+c events.

* To reduce the impact of systematic uncertainties in these backgrounds —
template fits to data are performed to extract normalisation factors for tt+b,

L - . 0
tt+light and tt+c at particle-level. S g . . [
. . . © ol 27~ Prefit — Post-fit
* The data are found to be described much better by the predictions after S L -
the individual ttj components are corrected. o
2 3 4 5

b-tag discriminant bin
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arXiv:2407.13473

tt+ b-jets production in ey final state

* Fiducial cross-section results are dominated by systematic uncertainties, primarily s} ﬁéﬁf&v’;;‘ﬁ.ﬁé o
from b-tagging, jet energy scale, and tt modelling. & 10 - sterpa @5 [ St
Stat. @ Syst.
* The precision of these results surpasses previous results using partial 13 TeV
L‘—_—'Q'—-—e
ATLAS data.
» Differential cross-section results show good agreement with predictions for most
observables in a quantitative comparison. : : ; ;
- —+4 — Powheg+Pythia8 ---t--. Powheg+Herwig7
@ 2 ;— Powheg-+Pythiag p* ---t--- MG5_aMC@NLO+Pythia8
S 1sE
" i i T T O o
< Data m  Powheg+Pythia8 ttbb > AP m e e
*  Powheg+Pythia8 Powheg+Herwig7 ttbb -
Powheg+Herwig?7 Sherpa tfbb 17 Stat. unc. 0.5 L L L
» MGS_aMC@NLO+Pylh|a-\8 Sherpa Total unc. F T — T =T
MG5_aMC@NLO+Herwig7 E —t — Powheg+Pythia8 ttbb ---t--- Powheg+Herwig7 {tbb
" HelacNLO (off-shel) 2F----t--- Powheg+Pythia8 tfbb pi*® ---t--- Powrlggjr_F_’g_/t_F]i_a_Ef_tzgl?_qi_qqlfz_ =

eu+ =3b

. *°
+
* »
«f
[
MC/Data
_ o

eu+ =3b=1l/ct

— Sherpa

: .
"l
rrefrrrprr T
L1

: 1 : © 2 — Sherpa tTbb
eu+ =4b F S 15
ii * (\J
al * E 1
k ®
eu+ =4b=1lfc F 05
o ATLAS . ' 3

Vs=13 TeV, 140 b1 '

0 20 40 60 80 100 120 140 160 06 08 10 12
Orig [fb] MC/Data
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arXiv:2403.02133

Precise test of lepton flavour universality in W-boson

decays into muons and electrons in pp collisions at /s =
13TeV with the ATLAS detector

ATLAS

EXPERIMENT
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LFU inW-boson decaystoe, u

Lepton Flavour Universality (LFU) is fundamental axiom of SM:

* Couplings of charged leptons to EW gauge bosons are independent of the lepton
flavour

Muon weight

* Flavour anomalies in b-hadron decays hint at departures from LFU

Analysis strategy:
* Select tt events with OS ee | ey | uu and 1 or 2 b-jets

* Measure ratio (normalised using LEP+SLD measurement of Z — [l events to reduce 100 150 200 250
lepton identification uncertainties): Muonp_[GeV]
O 105FF T T T T I T T T I T T I I T T T I T T T I T T I T T T T TTTTITTTITITTTH
u/e ] & L ATLAS ;
R,u/e Ry, B(W-uv) B(Z—ee) S 1001~ {5=13 TeV, 140 fo” =
e Rlk/ee B(W—>eV)J B(Z-uL) S o . f
S oof ¢ Dat E
5 0 _ — Z?Diwheg+PY8 ;
* Muon reweighting in pr and 1 to reduce kinematic differences between e and u, to S B T ZSherpa -
minimise physics modelling uncertainties. 5 gob ’ 4 bins per p_slice
. . .. . — w Ef :[0.0,0.5,1.0,1.5,2.5] 3
* Measurement of lepton isolation efficiencies — for tt — [l and Z — [l events and Y sk k! ];
compared to POWHEG+PYTHIA8 and SHERPA simulation samples N U NN U EURN T N R N R s

20.25 2539 035 354y Y045 559 06 089 50-10,700.75750
Electron pT [GeV]
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arXiv:2403.02133

LFU inW-boson decaystoe, u

3 s
E 107? »Iégﬁfv,mo o' — 22‘;?" E
. . . . . - . o Lz - :
e Simultaneous maximum likelihood fit to tt events and Z — [l counts with 2 ol Z = Il =Vown -
E Systematic unc. 3

D ule pup/ee

* Yields for tt — ey and Z — ll regions, my; spectrum for tt — ee, uu

it

regions. £ 1005
L B e E
e The ratios were fitted to be: S AR
Z-channel
> L LA LA LA I L DL L I L B B i )(10‘5

Rﬁf/ze == 0.9990 i 0.00ZZ(Stat) i 0.0036(Syst) § 1055_ EL’;AT‘EV 101! ee \:¢|thata _f ’:E: 5005_ ATLAS I e ) Qatal _E

£ 7k o = et 2 3 OVF (s-13Tev, 1401 I'l = :z}w -

2 C [ Diboson E :_ e . E Drjgt:m _:

RM*/%¢ = 0.9913 + 0.0002(stat) + 0.0045(syst) D10t =veDion | £ 400F o e

103 . . = 300;_ Systematic unc. _;

- 200 .
102 : :
u/e 100 =
RS = Ry _BW-w) |BEZ = ee) 3}  E—

iC 1.05F L 4 = - .

[guusee BV = ev) JBE = H) R e [ — S

O 095k - © F ]

z 40 60 80 100 120 140 160 180 200 = O9%E 3

Mee [GeV]
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arXiv:2403.02133

LFU inW-boson decaystoe, u

* The external LEP+SLD measurement of

[T T 7 T L T T T T
REM/2¢ = 1.0009 + 0.0028 ATLAS =
LEP2 -
e was used to calculate e'e > WW, y5-183-207 GeV :
ATLAS :
R/ = 0.9995 + 0.0022(stat) + 0.0036(syst) + 0.0014(ext) op—W, V57 TeV, 4.6 1o —
LHCb . i
= 0.9995 + 0.0045 PP, V3-8 TeV, 210" * .
CMS :, -
— BW=m) pp—tt, Vs=13 TeV, 36 fo” :
B(W=ev) PDG average '—"—'
. Domlnated by systematic uncertainties: PDF, ATLAS (this reeut) By
modelling, lepton uncertainties PPt 15=13 TeV, 140 fo | i |
* Consistent with lepton flavour universality and with 092 094 0% 098 1 102
B(W—uv)/B(W—ev)

previous measurements

* Higher precision than previous world average
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arXiv:2405.05078

Observation of tt production in the lepton+jets and
dilepton channels in p+Pb collisions at \/syy =8.16 TeV
with the ATLAS detector

ATLAS

EXPERIMENT
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arXiv:2405.0507/8

||||| [T T T[T T[T T[T T T [TTT T [TTTTr[TTrrr[Trr1]

tt production in p+Pb collisions | e 3
G | PostFi Z+b

:: Dilepton E;:I?ght E

 Strongly interacting quark-gluon plasma (QGP) in Pb-Pb collisions 2 Wi opon

777 Uncertainty
* Pb+Pb collisions differ from pp collisions due to initial-state effects (parton
distribution functions (PDFs)) and final-state effects (creation of QGP)

* Gain knowledge of initial state effects using p+Pb collisions g5 -

* Use top quarks to probe nuclear PDFs (nPDFs) in kinematic region of Bjorken-x ~ &%, 200{360 580 760 565565 oo

5.107% — 0.05 and Q% ~ mZ ~ 3 - 10* GeV? R

. § 400;_ Arllv-ﬁs_:szev 165 nb’! ;ttf)ata _

* Analysis strategy: § ssof tromms  [ESngetop -

i} E Post-Fit W Ww+b ]

® 165 nb_l Of p+Pb data at '\/SNN - 816 TeV in 2016 300; Smg]e Lepton =wiﬁght é

e Define two channels: 11,> 4j,> 1 b-jet | 21, = 2j,= 1 b-jet (l = e, u) ool Eg.bgm

* Split into 2 dilepton SRs and 4 lepton+jets SRs 150 —wri

100 7 Uncertainty _f

* Binned profile likelihood fit with POI: u;z = ratio of observed signal over SM
expectation with no nPDF effects.

50 -

0

1.5¢

 Dilepton channel background dominated by Z+jets and single top tW events. 3 T } |
Lepton+jets has largest background contributions from W+jets and fake leptons. R — 46045()0{'660 URSS:

HY [GeV]
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tt production in p+Pb collisions

e Limited by systematic uncertainties in lepton+jets SRs and by
statistical uncertainties in dilepton SRs.

e Largest sources of systematic uncertainties from jet energy scale and
signal modelling.

* Background-only hypothesis is rejected with a significance of more
than 5 standard deviations — observation of tt process in p+Pb
collisions by ATLAS

* The inclusive tt cross-section is measured:
o = 58.1 + 2.0(stat) ¥38(syst) nb = 58.1733 (tot) nb
« Most precise tt cross-section measured in nuclear collisions to date

* In agreement with CMS result within 1.4 standard deviations.

23" October 2024 PIC2024 — Highlights on Top Quark Physics at ATLAS

1£1b etjets
121b u+jets
1£2bincl e+jets
1£2bincl u+jets
2{1b

2{2bincl

Combined

arXiv:2405.05078

L o e B
ATLAS
— tot.

stat.

LRI B B B L B
p+Pb sy, = 8.16 TeV, 165 nb”
(tot.) (stat.)

4031 +0.13
—-o-— M= 114 0% Jo2

4029 +0.11
—-e— utf =0.69 %0 o

1012 10.06
FoH He= 0.98 41 “ooe

4011 +0.06
Fod Hﬁ =100 51 oo

1031 10.19
—=-o—- .= 1.23 5% o7

4020  +0.13
F-o-H Uﬁ =1.23 37 -0.12

+0.09 +0.04

red |utf = 1-|04 <009 0.3

05 1 15 2 25 3 35

I | L T T T T
p+Pb |s,, =8.16 TeV
ATLAS 165 nb”
J¥ Data total unc.
MCFEM TUJU21 | Data stat. unc.
MCFM nNNPDF30 .
MCEM nCTEQ15HQ

MCFM EPPS21

CMS 8.16TeV p+Pb

ATLAS+CMS 8TeV pp (extrap.)

PRL 119 (2017) 242001

JHEP 07 (2023) 213
L
|

PR R
20 40

P S R N R
80 100
O, [nb]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-32/

arXiv:2405.05078

tt production in p+Pb collisions

» Additionally, measured the nuclear modification factor, for

the first time at LHC. ;TLAS L " p+Pb 5= 8.16 TeV
: — . : - 165 nb
 Using measured tt cross-section in pp collisions at /s = 8 -Datantotal unc.
TeV, agp, and mass number of Pb nucleus, App=208, this is | Data stat. unc.
defined as:
MCFM TUuJU21
p+Pb
R _ %1 MCFM nNNPDF30
PA ™ Ap,.oPP
Pb™%g MCFM nCTEQ15HQ
= 1.090 + 0.039(stat) 73035 (syst) = 1.090 + 0.100(tot) Lo EppSa:
e Systematics-limited | | I |
« Consistent with unity within uncertainties and good o608 | b -

A
agreement with predicted values. ’
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Summary

* Same-charge top-quark pair production (arXiv:2409.14982):

 Placed upper limit on a(pp — tt) and most stringent limits on WCs, improving previous limits by factor = 10

Inclusive cross-section tt + charm jets (arXiv:2409.11305)

* Measured tt += 2c¢ and tt + 1c fiducial cross-sections that are largely consistent with NLO+PS predictions (NLO+PS
underpredict by 0.5 to 2.0 standard deviations) and ratio of cross-sections that are in agreement with POWHEG+PYTHIAS8
simulations within 0.9 and 1.1 standard deviations.

tt+ b-jets production in eu final state (arXiv:2407.13473)

* Integrated cross section measurements are consistent with ttbb
predictions within the uncertainties of the predictions.

LFU in W-boson decays to e, i (arXiv:2403.02133)

* Results consistent with LFU and higher precision results than previous
world average.

tt production in p+Pb collisions (arXiv:2405.05078)

* Observation of tt process in p+Pb collisions by ATLAS with most precise
tt cross-section measured in nuclear collisions to date
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arXiv:2409.14982

Same-charge top-quark pair production

e Three four-fermion operators are considered: . d/i/b .

1
. 0( ) = = [try*ugl[try,ur]
(1) W %74

[QLV QL][tRyuuR]
- 0(8) [0,y T4q, [y, T4 ug] L

* Where Q; and typ are the left-handed doublet and right-handed
singlet of the third quark generation, q; and ug are related to u +
the first two generations and T4 is the generator of SU(3)¢

e Effective lagrangian:

1
I OPIO RO PIOIRNOPO
L3755 = (el 0% + g 0G,) + cgr Ogu ) + hc.

* with Wilson Coefficients (WCs) ctu = 0.04, c(l) = 0.1, C(S)
0.2 and new physics energy scale A =1 TeV
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arXiv:2409.14982

Same-charge top-quark pair production . t

 Corresponds to cross-sections a(pp —
tt) = 97.6fb ando(pp — tt) = 2.4 b u '
— highly charge asymmetric (tt
production approx. 40 times larger).

MMHT14 NNLO, @Q* = 10 GeV? MMHT14 NNLO, Q? = 10* GeV?
e tt events are produced by pairs of up or zf(z. Q%) f(@.QY) | \‘
. T 1 . o
charm quarks (uu,uc,cc) while tt events are | d
produced via anti-up or anti-charm quarks 0.5 [, - 08 [
(uu, uc, cc) for the chosen EFT operators. o ] o b
* The proton PDFs for reasonably high x, the ol oak
ratio between up vs anti-up and anti-charm is | ' ;
i 0.2
of the order ~ 20 — 30 02 | ' ; : /
: -mrr"‘".’".‘“:.:'..l PR T Db A;“J R ’ bl )
00001 0001 001 01 1 00001 0001 001 01 1

T
T
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arXiv:2409.14982

Same-charge top-quark pair production

* Using odd/even cross-validation _

m T T T T T T T T T T T T T
Ql - ATLAS Simulation 1 Signal c{
SVSS i e mrimi (€Y) €Y (8) Q - 0
* NN>*aim to discriminate between ¢, " vs ¢, or ¢y, S Vs=13TeV 1 signal ¢l + )
* No further split between 083 and cgg due similarity in kinematic properties. £ 0.075¢ _ ... Background
o ' ---- Cut-Value
> 1
. . (0] !
* Only trained on signal events 5 i
c ! e
« Two signal samples used for training: 2 0,050 T AU S
. B rt
. ® _ 1 _ (8 _ © b i
Cr, = 0.04, Cou = 0, Cou = 0 ™ i ___________
1
° Cgllt) = 0, Cét) = 01, Cgi) =0.2 B i
H
* Simple DNN with 5 hidden layers 0.025} I
' i
1
1
1
1
1
1

* Sinput variables (A¢;;, ARy, Any,, invariant mass of two-lepton system, scalar sum of the S . . ;
pr of all jets, scalar sum of the pr of all leptons, the pr of the leading jet, Ef"'5%, and the 0.0 0.2 0.4 0.6 o,'\?Ns\/ss t 1t-°
transverse mass of the combined lepton and E7*'%° system). outpu

* Classification efficiency of 65% for both categories at 0.538 cut value on NN output

* The efficiency times acceptance values for signal events that enter the SRtu and SR,
regions are 26.8% and 12.4% for signal events that originate from the O, operator, and
15.8% and 19.5% for tu signal events that originate from the O,, operators.
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arXiv:2409.14982

Same-charge top-quark pair production

2 f | | |
§ 300 ATLAS ¢ Data . EFT tt
¢ NNSvsB (aim to discriminate signal from background) has 6 kinematic [ {s=13TeV, 140 0" =Eﬁ|“”°p E{%‘(%*)
quantities as input variables (sum of the pr of all leptons, b-tagging 050l ﬁ?sf_t;t** EintConv [ Diboson
score of leading and sub-leading pr jets, pr of leading jet, transverse | EMJCOW EQM";S@'
mass of leptons and E7*'3% system, and number of jets in the event). 200} B0ther. e 7/ Uncertainty

Output used in profile likelihood fit for SRs.

150 //z.&. A

* ttW has a known excess over theoretical predictions (that is in
agreement with the ATLAS tt\W cross-section measurement) — this
background normalisation is therefore constrained in data.

* Output of NN>*B is enriched in ttW events, especially in the first bins

e Used for ttW normalisation _— @ - . .

* Normalisations of other backgrounds from simulations, highest order @ 1.25; ‘
. . . ’ = gt S e R e A M
perturbation theory calculations or from dedicated CRs 5 o075 _
0'50 0.I25 0:5 0.I75 1

NN®'*Boutput
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arXiv:2409.14982

e 115°%2 | w(t2)
Same-charge top-quark pairpr¢|  — s
—— 1.06 %% | yu(Int Conv)
e 9CRs: —e 0905% | uHFw
« 5dilepton CRs —enriched in HF e or mu fakes, orthogonal | 0%y | HHFS
due to Np.e and lepton isolation requirements e 1199 | wMat Cony)
* 4 three-lepton CRs —ttZ CR, diboson CR, photon conversion | 065%% | woboson
CRs, orthogonal due to requiring 3 leptons | SO O P
(electrons/muons) e
1 H S ?‘TﬂgT V, 140 fb! ! I?:ta .F'ozu/”*op DFWC
* Good post-fit agreement in the CRs Tl Movosn D mre
10°F W@ Mat Conv  []QMisID [JOther
7/, Uncertainty ---Pre-Fit Bkg.
* Normalisations of major bkg constrained by CRs
* For larger bkg, additional modelling uncertainties by L
comparing nominal MC with alternative sample
* All normalisations are in agreement with the SM, except
ttW —this has a known excess that is in agreement with the o -
ATLAS ttW cross-section measurement ;/?WW%MW Gk
0.75F ]
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arXiv:2409.14982

Same-charge top-quark pair production

e Definitions of CRs

23 October 2024

CRHFT™™ CRHFMT CRHFMM
pr’ [GeV] >20
BDT WPs (same-sign ¢ pair) ™ MT MM
]vjets 22
N, b—tagged jets 1 at 77%
Total lepton charge ++ or - -
mr(all ¢, E,‘Fiss) <250 GeV -
VV CR ttZ CR CR Int Conv CR Mat Conv

PP [GeV]

BDT WPs

Total charge

Electron Conv. candidate
Niess

Nb—taggedjets

Imsros — mz|
|m (L) — mz|

> 20 (SS pair), > 10 (OS)
MincMinc (SS pair) Linc (OS)

+1
- Int. Conv. Mat. Conv.
20r3 >4 >0
1 b-tagged jet at 60% WP || > 2 b-tagged jets at 77% WP 0 at 77%
< 10 GeV > 10 GeV

E < 10 GeV
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arXiv:2409.14982

Same-charge top-quark pair production

* CRyields - dilepton CRs

Process CR HFu TM CR HFu MT CR HFuy MM CRHFe TM  CR HFe MM
tw 240 =+ 49 103 +2.0 373 £0.87 151 £29 2.76 + 0.59
tt(Z]y*) 136 + 2.1 6.20 + 0.97 2.59 + 047 84 =+ 1.7 1.90 +0.32
ttH 6.6 =+ 4.0 32 +19 1.28 +0.79 41 +24 0.90 + 0.58
Four top 0.113+ 0.028 0.071+ 0.017 0.046+ 0.012  0.069 + 0.019 0.036 + 0.010
Diboson 11.9 + 6.1 49 +25 22 =+1.1 8.6 +44 1.35 +£0.72
HFe 1.6 =+ 1.1 59 +29 1.71 +£097 37 +12 45 +1.6
HFu 80 + 14 21.9 +56 13.8 +3.2 220 +£0.66 3.62 +0.99
Mat Conv 20 += 7.1 1.20 + 0.56 1.62 + 0.51 3.7 +2.1 1.38 +0.43
Int Conv 0.68 + 041 1.7 +1.0 0.30 +0.18 55 +32 0.48 =+ 0.30
QMisID 028 + 0.13 0.75 +0.54 0.38 +0.26 52 +£29 1.6 +1.0
Other 56 =+ 1.5 2.71 + 0.66 0.81 +0.21 42 +1.0 0.63 +0.16
Total Bkg. 147 + 12 59.0 +5.1 284 +34 944 +92 19.1 22
Data 150 57 28 95 19
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arXiv:2409.14982

Same-charge top-quark pair production

* CRyields - three-lepton CRs

Process CR Int Conv CR Mat Conv CR ttZ CRVV

ttw — — 84 =+ 1.8 245 + 47
tt(Z]y*) - — 378 +32 230 +27
ttH — — 10,0 + 6.3 63 += 40
Four top - - 1.61 = 0.32 0.092+ 0.020
Diboson 0.025+ 0.019 134 £0.72 29 +15 90 +45
HFe — — 047 = 0.35 92 + 6.8
HFu — - 1.04 = 0.35 75 =+ 1.8
Mat Conv 1.3 +1.1 37.6 +8.6 0.59 = 0.40 2.19 = 0.77
Int Conv 425 +6.8 156 +4.3 0.14 = 0.15 1.66 = 0.96
QMisID — — 0.22 + 0.17 0.83 + 041
Other — — 74 +23 218 +40
Total Bkg. 439 +6.6 546 +7.3 503 +22 590 +23
Data 44 55 494 605
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arXiv:2409.14982

Same-charge top-quark pair production

* SRsvyields

Process SR+ SR 1 — SRcOou++ SRcou--
ttw 114 + 15 62 + 10 110 + 15 569 + 90
ti(Z]y*) 255 + 24 241 + 2.6 195 + 1.8 191 + 1.8
ttH 124 + 75 123 + 7.1 151 = 96 151 = 92
Four top 0.72 + 0.15 0.69 + 0.14 416 = 0.83 407 £ 0.82
Diboson 181 =+ 93 159 =+ 8.1 63 + 32 42 + 2.1
HFe 65 += 29 7.6 + 3.0 30 + 1.1 49 + 25
HF u 126 + 2.7 157 + 3.2 63 + 1.8 57 + 1.7
Mat Conv 7.6 + 25 55 + 1.6 273 + 0.83 33 + 12
Int Conv 27 + 1.6 3.0 = 1.7 21 = 1.2 27 + 1.6
QMisID 8.1 + 22 8.1 + 22 148 + 0.39 148 + 0.39
Other 203 + 54 13.3 + 39 93 + 2.7 70 + 2.6
Total Bkg. 228 + 11 167.7 = 79 180 + 10 1245 + 6.3
Data 230 162 181 123
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Same-charge to

* Merged SR+VR

(%) T T L L B BB
§ ATLAS ¢ Data - EFT fcl)
@ 4L s=13TeV, 140" ~EFT fcg,  MFourtop ]
SR+VR - Cttw Wi
Post-Fit Wiz [ Int Conv
10°F [l Diboson HFu E
W HFe B Mat Conv
10°k [CJQMisID []Other i
77 Uncertainty
10°F
10
NI i —
2
& 1.25} }
R e ///fé/ e, ets s i vty
8 0.75}
0-% 900 200 300 400 500 600 700 800 900 1000

m, [GeV]
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-quark pair product

arXiv:2409.14982

[%2] rrrrrrrrrTrT T T T T
S ATLAS ¢ Data < EFTttc)
@ 105k Vs=13TeV, 140 [ - EFTttc,, [Fourtop J
SR+VR ++ Otiw OtiH
Post-Fit Wy [ Int Conv
10*F [l Diboson OHFu E
WHFe I Mat Conv
108k [CJQMmisIiD []Other i
72 Uncertainty
10° = L
10
1 [ T
. A T I BN TS wwrersre z !
2
o 1.25} j ]
P 1-%4//‘4/%)%4;////{//////%%/477//// W
©
8 0.75} ]
0-% 700 200 300 400 500 600 700 800 900 1000
m, [GeV]
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5 ATLAS ¢ Data - EFT fic))
@ el fs=13Tev, 140" oo EFT ffc,, [Fourtop ]
SR+VR - Cttw mtH
Post-Fit Wz Int Conv
10%F [l Diboson [ HFu 1
WHFe [ Mat Conv
108k [JQMisID [JOther ]
72 Uncertainty
10?
10
N S S
) . JE. (| I
2
& 1.25} :
s 1 ///‘%///./,‘//»3’%//}/74//+/7§-’///////M //%;W{//y/
S 0.75} + :
0% 700 200 300 400 500 600 700
lep
HEP [GeV]
‘(Q T r T L A B
S ATLAS ¢ Data - EFTttc)
i L E=13Tev, 140007 EFTttc,, [Fourtop
SR+VR ++ Ottw DttH
Post-Fit Wtz [@Int Conv
10 [l Diboson EHFu
W HFe [l Mat Conv
10°F [JQMisID [JOther
77 Uncertainty
10?2 s = | OO TS S
==l
| I
1
. Pt P S WP
2
o 1.25} )
3 1,//,4//.4//»,‘///,«7«//%//(/////%//7%%////;% s
8 0.75}
05 700 200 300 400 500 600 700

H [GeV]
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Same-charge top-quark pair production

* Observed lower limits at 95% CL on scale of new physics, Afor WC values 0.001, 1, 4w

Same-sign top - Individual limits
BN =0.01,1,472

ATLAS

Following arXiv:1802.07237
Dimension 6 operators &; = ¢;/\?

2

arXiv:2409.14982

[1] JHEP 10 (2015) 150
[2] EPJC 82 (2022) 374

[3] JHEP 04 (2023) 80
[4] JHEP 08 (2023) 077

~(1
1/4/&)

~(8
1/\/85)

~(1
1/\/80,

[5] JHEP 07 (2024) 163

Search for same-sign lepton pairs [1]
tf + jet energy asymmetry [2]

tf rapidity asymmetry [4]

ttZ diff. cross section [5]

This result

Search for same-sign lepton pairs [1]
tf all-hadronic boosted [3]

tf rapidity asymmetry [4]

ttZ diff. cross section [5]

This result

Search for same-sign lepton pairs [1]
tf rapidity asymmetry [4]

ttZ diff. cross section [5]

This result

8 TeV, 20.3fb~"
13 TeV, 139 fo
13 TeV, 139 fo
13 TeV, 140 fo~!
13 TeV, 140 fo~ !

8 TeV, 20.3fb "
13 TeV, 139 fo
13 TeV, 139 fo
13 TeV, 140 fo~ !
13 TeV, 140 fb~!

8 TeV, 20.3 fb~'
13 TeV, 139 o'
13 TeV, 140 fo~ !
13 TeV, 140 fo~!

T
A 95% CL exclusion [TeV]
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arXiv:2409.14982

Same-charge top-quark pair production

e 2D limits for combinations of WCs

AC:,’O.OG.,....,...., —_— &8 UL I L IS S OVRSAL I &3 T T T T T T T T osorvedeb oL

= - —— Observed 68% CL . o - — Observed 68% ] = - —— Observed 68% -

| ATLAS ——= Observed 95% CL 1 0_100__ATLAS 1 --- Observed95% CL | © 0_100‘_ATLAS -—- Observed95% CL

- Vs =13TeV, 140 fo™ #  Bestfit (0.0003, 0.0008) | [ VS=13TeV, 140 fb- * Bestfit (0.0003, 0.0015) [ Vs =13TeV, 140 fb™" +  Bestfit (0.0008, 0.0015)

0.04F A=1TeV W Expected 68%CL 0.075F =1TeV U Expected 68%CL - 1 0.075E A=1TeV W Expected 68% CL 1

i Expected 95% CL | - Expected 95% CL 4 “F Expected 95% CL 1

- e <o, % SMprediction 1 - Le=mmTTTTS Sy, ¥ SMprediction ] C _s=---=21_ ¥ SMprediction —

~ b 0.050[— - . 1 0.050 - - - .

0.02 T : 1 T 1

| 0.025:— —: 0.025:_ \ _:

l - 1 - ! 1

0 - oF - - \ ]

l . 1 oF | E

. - 1 - ] 1

1 -0.025F . ¥ /' 1

~0.02 - : ] ~0.0251- .

1 -0.050F { i ]

| - 1 -0.050 -

I R . e e b by 1 N ]

-0.04 0.075 0075610 —0.005 0 0005 0010 _ 0015 T S S R
) ) 007852 —0.02 0 0.02 0.04 0.06

tu tu (1)

Cau
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arXiv:2409.11305

Inclusive cross-section tt + charm jets

* Previous measurements

e tt+charm measurement by CMS in 2020
e Uses 41.5 fb! of Run 2 data

* Measured tt + cc but did not explicitly measure tt + ¢/C cross-section

* Showed agreement with NLO+PS MC predictions within one to two st dev of measurement
uncertainties

 tt + bb ,ttH(H — bb) and tttt measurements determine the tf +> 1c normalisation in situ
through a free parameter in the fit and recent results report this normalisation factor to be larger
than MC predictions arXiv:2407.10904
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arXiv:2409.11305

Inclusive cross-section tt + charm jets

Event preselection

1L channel:
e 1 charged lepton (e or u)
e > 5jets, > 3 b/c-tagged (b@77% or c@22%)
* Splitinto regions with 5 and =6 jets

2L channel:
e 2 charged leptons (e or u), opposite charge,
 >3jets, > 2 b/c-tagged
* Veto lepton pairs with m; < 15 GeV and close to Z-mass window

* Splitinto regions with 3 and = 4 jets

Ratio measured in phase-space volume without requirements on the tt decay products and the
jet multiplicity
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Inclusive cross-section tt + charm jets

 The ATLAS DL1r tagger outputs probabilities for the
jet flavours: pp, P¢, Plight Which is reoptimized as a

arXiv:2409.11305

ATLAS Simulation
Vs =13 TeV

2D binned discriminant — the b/c tagger

* Axes of discriminant, D, and D,, are calculated as
weighted likelihood ratio of py, p¢, Diight following

the Neyman-Pearson lemma:
Dc b@60%

forp + (1 = fp)Plignt

* fp, fc control which background contributes more
to the decision. It was found that f; = 0.4 and f, =
0.018 provide good performance for the b/c-tagger

D. = log

b@70%

| | untagged
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c@11%

c@22% |||

| W light jets |
| mm c-jets
| W b-jets

0.6 08 10
1/(1 + exp(-=D.))
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Inclusive cross-section tt + charm jets

* The b/c-tagger at 5 WPs (including untagged bin dominated by light jets)

arXiv:2409.11305

Efficiency c-jetrejection light-jet rejection D, D,
b @60% 60.3% 37.1 2320 >0.990 <0.625
b@70% 70.0% 12.2 573 >0.963  <0.625
Efficiency b-jet rejection light-jet rejection D, D,
c@11% 11.3% 28.7 1051 >0.825  >0.625
c@22% 22.4% 18.9 104 — >0.625
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Inclusive cross-section tt + charm jets

e CRs and SRs

e 1L channel has additional c-quarks from W-boson decay

arXiv:2409.11305

1£ ¢ 1€ 1£ 1¢ 2¢ 2¢ 2¢ 2¢ 2¢

CRI CR2 CR3 SRloose SRtight CRI CR2 CRS SRloose SRtight

Niets =50r>6 =3o0or>4 >4
b@70% 2 — — 2 2 2 — >3 2 2
b @60% — >3 3 — — - >3 <2 - -
c@22% | 0 | > 2 - 0 — — | > 2
c@11% | - | | > 2 — — — — —
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Inclusive cross-section tt + charm jets

* Uncertainties on cross-sections

23 October 2024

arXiv:2409.11305

Uncertainty group

Fractional uncertainty [%] on

o7 +>2¢) o7+ 10)

1t + >1c¢ modeling 9 8
Background modeling:

tt+>1b 4 4

1t + light 6

Others 2.5 1.7
Instrumental:

b-tagging 2.2 1.8

c-tagging 9 4

light mis-tagging 2.2 34

JES/JER 6 3.5

Others 1.3 0.9
MC statistics 3.1 2.5
Total systematic uncertainty 17 12
Data statistical uncertainty 11 7
Total 20 14
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Inclusive cross-section tt + charm jets

arXiv:2409.11305

* Cross-section comparisons to MC simulations

23 October 2024

1t or tt + bb
Measured PowHEG+PYTHIAS
o7 +>1b) [pb]  3.46+0.24 32+1.6
o4(F +>2¢) [pb]  1.28£0.25 1.04+0.18
o9t + 1¢) [pb] 6.4+0.9 5.1+0.8
p
o™ (17 +>1b) [pb]  13.0+0.9 12+4
o (1t +>2¢) [pb]  S5.4=x1.1 4.4+0.7
o™ (11 + 1¢) [pb] 38+ 6 3144
fid
1 L] 72+04 6.5+3.3
fid
RIS . %] 2.7+0.5 2.1+0.4
fid
R [%] 13.7+1.8 103+ 1.6
R;?jzlb [%o] 3.14+0.23 2.6+0.8
nc
R;;ch [%] 1.23+0.25 0.97 +0.16
mc
RS [%] 8.8+1.3 6.9+1.0
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arXiv:2409.11305

Inclusive cross-section tt + charm jets

CRs and SRs regions post-fit

ﬂ I I I I I I I I I I I I I I I I I I

¢ 10°F ATLAS ¢ Data  [ltt+=2c [ltt+1c

w Vs=13TeV, 140 fb™* [@tt+=1b  [Jtt+light [ Other Top
10° Post-Fit B Non-Top [OJFakes ~Uncertainty
10°

10*

10°

10?

1.025

0.975

Z
0.95 k .
CR¥y CR%i Cn’fs/ C/q'fe/, CRZ3 CRZ4i 0/9'@ C,q’fs/, /q;fs, C/qu«,, C’%”S’ C/q'ﬂs,, Sﬁ/o&(‘::, S‘,q&«,, s%r:s, S/?’fs,, 5‘/2&1,, S/q’fsj Sﬁifs,,

o tighy

%
B
§
B
s
o[ 9
2*\
b
|+
%
%
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arXiv:2409.11305

2 ppoF T T T T
- § F ATLAS ¢ Data W tt+=2c % L ey L ————
@ 2000 {s=13TeV, 140 10" @itt+1c  [tt+=tb 8 so00F ATLAS ¢Data  [itt=2c 3 %O iras e bam = teate
1805 SR Ottelight [ Other Top 2 s=13TeV, 1401b" Wtt+ic  [tte=1b ° - 4
- F ight g 151 3 Vs=13TeV, 140 fb' [tt+1c Ett+=1b
[ Post-Fit [l Non-Top [dFakes P SR oo [tt+light Other Top 2 500 165) Dtt+light [ Other T
1601~ 7/ Uncertainty 5 Post-Fit M Non-Top [ Fakes 2 SRign 9 er 1op
£ > *// Uncertaint 5 - Post-Fit [l Non-Top [ Fakes
1401~ w 7. Uncertainty @ C 7 Uncertainty
= 400 /

SRs regions post-fit o

b s b b b b b b b b
Lovv v b b by by g o f

20
B ]
£ 105 j . =
: / . % % _f k
S 4 ~ — —
) 095 & ////%/ L %/// EI / / /
8 ER o
Nets 50 100 150 200 250 300 ° ]
mgnAR [GeV] 250 300
.g E I I I I @ 9000 T T T T . mmAR [GeV]
g 4000F ATLAS ¢ Data  [Wlt+=2c 5 F ATLAS ¢Data  [tt+=2c 7 - N ——
w F (s=13TeV, 140" Mtt+ic  [tt+=1b @ 8000F (s=13TeV, 140fo" Wtt+ic  [te=tb - & 1 £ | ' ' ]
+ ’ F ) m [0} ATLAS ¢ Data W tt+=2c c B
= SRee: i B ] 25001~ . ATLAS Dat te=2c ]
3500E" SR, [Itt+light [ Other Top F SR [tt+light  [@Other Top 2 - f5=13Tev 140" Mittstc  Wtts=to & M e taTev. 140 1" ;nffc =n::1§ ]
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F 6000 - y —_ & 2000F 7/ Uncertainty ] Post-Fit W Non-Top [dFakes 1
- - ] N ( b 7 Uncertainty 4
E 1500 . ]
- e : .
. [0) E |
8 8 & 1.05:— 3 5 .
x £ N o P s K- 3
: F e ERL SR N I -
e a E 0 50 100 150 200 250 300 (& 0.95p ¢
0.9 - E mm F E|
6 7 8 9 " s 6 = 3" [GeV] 097 7 8 9
Njets N. Njets

23" October 2024 PIC2024 — Highlights on Top Quark Physics at ATLAS



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2021-26/

Inclusive cross-section tt + charm jets

* Measured vs predicted cross-sections
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tt+>2c [pb] tt+1c[pb] tt+>1b[pb] 1 +light[pb] 1 +jets [pb]

t POWHEG+PYTHIA 8 1.04 +0.18 5.1+0.8 3.2+0.5 40+6 50+7
t POWHEG+PYTHIA 8, hgamp = 3M; 1.12+0.16 5.4+0.7 33+0.5 41 £5 51+7
tt POWHEG+PYTHIA 8, p}Tlar =1 1.05+0.18 52+0.8 3.1+0.5 40+6 507
tt POWHEG+HERWIG 7 094 +0.16 42 +0.7 33+0.5 43 +6 52+8
1t MADGRrAPHS _AMC @NLO+HERWIG 7 0.74+0.19 40+0.8 2.7+0.6 46 + 8 53+10
{f + bb POWHEG+PYTHIA 8 - - 32+1.6 — —

it + bb PowneG+PyTHIA 8, p1id = | — — 28+13 — —

ff + bb POWHEG+PYTHIA, Iy, = 2 - - 3.1£15 — —

1t + bb PowneG+PyTHIA 8, dipole recoil — — 3.0+ 1.4 — —

tf + bb PowHEG+HERWIG 7 — — 3.1+1.6 — —

1t + bb SHERPA 2.2.10 — — 35+1.0 — —
Data 1.28 +£0.25 6.4+09 3.46+0.24 36.0 + 1.8 47.1+2.3
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Inclusive cross-section tt + charm jets

* Post-fit yields

23 October 2024

arXiv:2409.11305

165

166

165

166ji

165

1£6ji

CR, CR, CR, CR, CR, CR,
1+ >2c 2300 + 500 5000 + 800 470+ 110 1000 £ 190 47+10 140 £ 21
tt+lc 12100 = 1900 13400 + 1600 2900 +400 3500 + 400 149 + 16 209 +23
1t+>1b 6000 + 330 6800 + 330 16900 +£700 24400 + 900 980 + 40 2050 =80
1t + light 43 600 £ 1900 26700 = 1600 6460 + 320 4020 £ 330 50£11 34+£15
Other Top 2800 £ 600 2400 + 500 1700 +400 2400 + 600 80 +22 200 =60
Non-Top 1100 £ 400 930 + 350 720 +260 750 + 280 20+38 34+£13
Fakes 1200 + 600 1200 £ 500 1200 + 500 1200 + 500 32+18 71 £35
Total 69170 + 280 56310+ 260 30350 +190 37200+ 210 1360 +29 2740 £40
Data 69136 56277 30388 37209 1345 2728

CR21€3j CR21£’4ji CR22€3j CR226’4ji CR%(’Sj CR%Mji
1+ >2c 1130 £ 270 3600 + 800 21 £5 168 + 34 62+ 14 520+90
1+ lc 14500 = 1800 18900 £ 2300 307 £33 560 + 50 810+ 80 1420 + 140
tt+>1b 8500 £ 800 8900 + 600 2130+70 5330 + 160 1260 = 60 2740 =120
1t + light 175100+2700 111000 * 2700 75+10 117+20 320 +40 500 70
Other Top 6800 + 1200 5100+ 1100 94 £29 390+ 110 84 +20 260 =60
Non-Top 5000 £ 1700 3400+ 1100 53+18 105+35 61 £22 110 £ 40
Fakes 2100 £ 500 2000 £ 500 17+£4 75+ 19 20+5 76 £19
Total 213200 = 500 152900 + 400 2700 + 50 6750 + 80 2620 +40 5630 +70
Data 213185 152931 2682 6725 2640 5655
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Inclusive cross-section tt + charm jets

* Post-fit yields
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203) 204ji 1£5j 1£6ji 204ji 1£5j 1£6ji
SRloose SRloose SRloose SRloose SRtight SRtight SRtight
1+ >2c 190 + 40 1350 £ 220 280 = 50 960 + 140 159 +£22 144 +26 47070
1+ 1lc 1910+ 180 3270+ 330 850+90 1300+ 150 54+8 347 £32 510+ 60
tt+>1b 830+ 40 1710+ 70 450 £ 26 810+ 50 77+5 220+ 13 425 +22
1t + light 1720+ 160 2540250 1120+90 1020+ 140 175 134 +28 127 + 34
Other Top 160 + 40 420+ 80 130 +£40 230+ 50 22+6 42+9 87+24
Non-Top 150 £ 50 240 £ 80 54 +20 78 £ 30 8+3 14+5 25+9
Fakes 57+ 14 160 + 40 64 + 32 70 +£40 6+2 8+6 39+20
Total 5020 + 60 9710+ 90 2940+50 4460 + 60 343+ 16 910 +£24 1683 + 35
Data 5015 9668 2976 4443 340 913 1705
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Inclusive cross-section tt + charm jets

* Nuisance parameter ranking
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Inclusive cross-section tt + charm jets

* Nuisance parameter ranking

pfid Riid
tt+=2c tt+1c
Ap Ap
Unc. component on p.: 04 —0.05 0 0.05 0.1 Unc. component on W: 0.04 0 0.04
-Gg%lpcup.GPOIPGNP""-"".'""""'."""."' -GE%IPGUP.GPOIPGNP B R s e S S
W/p = linear correlation coef. | ATLAS W/p = linear correlation coef. | ATLAS
A -1
—— Nuis. Param. Pull /s =13 TeV 140 fb —— Nuis. Param. Pull /s =13 TeV, 140 fb
c-tagging NP 0 _ ti+ic PS
tt+>1c hdamp _ tt+>1c ISR PS
fi+>1c ISR PS . ff+>1b dipole recoil
fi+light FSR —.—_ c-tagging NP 0
fi+>1c FSR - fi+light FSR
c-tagging NP 1 5 ff+22¢ PS
fi+light PS >4j ——_ ff+1c pthard
f+22c PS — fl+>1b FSR
JES pileup p topology -0—-— light tagging NP 0
ff+>2b pthard —- , fh+light PS >4j
L cl il
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tt+ b-jets production in ey final state

* Previous Results

* Previous ATLAS measurements of tt +b-jets all found the MC
simulations to underpredict the measured results arXiV:1304.6386,
arXiv:1508.06868, arXiv:1811.12113

e Recent tthb measurements by CMS Collaboration in semileptonic
decay channel using the full 13 TeV data sample, found the data
exceeded the predictions of several MC simulations arXiv:2309.14442
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tt+ b-jets production in ey final state
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MC sample Generator Process Parton shower ~ Matching/ Tune Use
Parton shower
settings

POWHEG+PYTHIAS PowHEG Box v2 1t NLO PyrHia8.230  PowHEG Al4 nom.
hdump =L.5myop
p_}l[ard =0
globalRecoil
recoilToColoured=ON

POWHEG+PYTHIAS Agamp PowHEG Box v2 tft NLO Pyruia8.230  PowHEG Al4 syst.
hdump =3mtop

PowHEG+PYTHIAS p%"“d PowHEG Box v2 tt NLO PyTHia8.230  PowHEG Al4 syst.
phard = 1

PowHEG+PyTHIA8 Recoil ToTop PowHEG Box v2 1t NLO PyrHia8.230  PowHEG Al4 syst.
recoilToTop

PowHEG+HERWIG 7 PowHEG Box v2 tt NLO Herwic7.1.3  PowHEG H7.1-Default  syst.

PowHEG+PyTHIA8 dipole PowHEG Box v2 1t NLO PyrHia8.230  PowHEG Al4 comp.
dipoleRecoil on

MaDGrAPHS_AMC@NLO+PYTHIAS ~ MADGRAPHS_ tf NLO Pyruia8.230 MC@NLO Al4 comp.

AMC@NLO v2.6.0
MaDGrAPHS_AMC@NLO+HERWIG7 MADGRAPHS_ tf NLO Herwic 7.1.3 MC@NLO H7.1-Default ~ comp.
AMC@NLO v2.6.0
SHERPA SHERPA 2.2.12 t7 +0,1 parton at NLO ~ SHERPA MEePs@NLo Author’s tune  comp.
+2,3,4 parton at LO

PowHEGHPYTHIAS 17bb PowHEG Box REs 1tbb NLO PyrHia8.230  PowneG Box REs Al4 comp.
hbza=5
phad =0
globalRecoil

PowHEG+PYTHIAS 17D phird PowHEG Box REs ttbb NLO PyTHia 8.230 P;)WHEG Box REs Al4 comp.
P ad _ |

POWHEG+PYTHIAS 17D hyg PowHEG Box REs ttbb NLO PyTHiA 8.230 PgWHEG Box Res Al4 comp.
Nozq=2

PowneG+PyTHIAS 17bb dipole PowHEG Box REs 1tbb NLO PyTHia8.230  PowHEGBox REs Al4 comp.
fpza=2
dipoleRecoil on

PownEeG+HERWIG 7 17hb PowHEG Box REs 1ibb NLO Herwic7.1.6  PowHEG Box REs H7.1-Default ~ comp.

SHERPA 17bb SHERPA 2.2.10 1tbb NLO SHERPA MEePs@NLo Author’s tune  comp.

HEeLAc-NLO (off-shell) HeLac-NLO ey +4b NLO - - - comp.
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tt+ b-jets production in ey final state
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Observable Description Phase spaces
>2b | 23b | 23b | 24b | 24b
>1l/c > 1l/c
ofid Fiducial total cross-section v v v v
Npjers Number of b-jets v v
Nijejets Number of light- or c-jets v v
HAM Scalar sum of pr of all jets v v
H.‘}" Scalar sum of pr of charged leptons, jet and missing Ep v v
AR%Y, Average angular distance in AR of b-jet pairs v v
Anﬁ,{,x Maximum absolute difference in 7 between any pair of jets v v
pr(b1) pr of the hardest b-jet v Vv
pr(b2) pr of second-hardest b-jet v v
pr(b3) pr of third-hardest b-jet v v
pr(bsg) pr of fourth-hardest b-jet v
n(by) 71 of hardest b-jet v v
n(b2) 7 of second-hardest b-jet v v
n(b3) 7 of third-hardest b-jet v v
n(bs) 7 of fourth-hardest b-jet v
pr(l/c-jety) pr of the hardest light- or c-jet v v
n(l/c-jet}) 7 of the hardest light- or c-jet v v
m(b1b2) Invariant mass of two hardest b-jets in pr Vv Vv
AR(by, by) AR between two hardest b-jets v v
pr(b1br) pr of two hardest b-jets v v
m(bb™nAR) Invariant mass of two closest b-jets in AR v
pr(bb™nARY pr of the closest b-jets pair v
minAR(bb) Closest angular distance in AR among b-jets v
m(eubby) Invariant mass of electron, muon and two hardest b-jets v v
pr(b\™) pr of the hardest b-jet assigned to top quark v v
pT(b';p) pr of the second-hardest b-jet assigned to top quark v v
pr(bi4d) pr of the hardest additional b-jet v v
pr(bild) pr of the second-hardest additional b-jet v
n(b?’p) 7 of the hardest b-jet assigned to top quark v v
n(by") 7 of the second-hardest b-jet assigned to top quark v v
(b3 7 of the hardest additional b-jet v v
n(b3d) 7 of the second-hardest additional b-jet v
m(bb'P) Invariant mass of a pair of b-jets assigned to top quarks v v
pr(bb'°P) pr of a pair of b-jets assigned to top quarks v v
m(bb*d) Invariant mass of a pair of additional b-jets v
pr(bbd) pr of a pair of additional b-jets v
m(eubb'P) Invariant mass of ey and the b-jets pair assigned to top quarks v v
AR(eubb'P, h*l‘dd) AR between the direction of the system of eu v v
and b-jet pair assigned to top and the direction of the hardest additional b-jet
AR(eubb'®,1/c-jet;) | AR between the direction of the system of e
and b-jet pair assigned to top and the direction of the hardest light- or c-jet v v
prl/c-jety) — pT(b*l‘dd) Difference in pr between the hardest //c-jet and the additional b-jet v v
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tf+ b'Je-tS prOd UCtlon |n eI/l flnal State Detector level event selection:

e Exactly one electron and one muon —
OS, pr > 28GeV, |n| <2.5,m,, > 15
GeV to reject low-mass T

* Template fit for mistagged jets in tt+light and tt+cevents— . S 2jets, pr > 256ev, [l < 2.5
two fits are performed: « > 2 b-jets, DL1r at 77% efficiency WP
* Global fit:
* fitting normalisation factors for tt+b, tt+c, tt+l templates in the 918000F . . . .
inclusive region E’moooi—éggiv,mo o' Eggta &2 162+ 0,08
¢ Nominal approach to correct the normalisation of individual ttj 14000} 25 b7 !:glﬂgen_-fg e ]
components 12000 Une. ;

e Kinematic-dependent fit:

* fitting normalisation factors in the specific regions depending on
overall jet multiplicity and pT ranges of 3™ hardest jet in the
reconstructed events

* Used to evaluate systematic uncertainties due to shape effects of ttc
and ttl background

T T T
<z= Pre-fit — Post-fit

Pred./Data

T 458555455

2 3 4 5
b-tag discriminant bin
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tt+ b-jets production in ey final state

Inclusive region Regions in terms of jet multiplicity and third-highest-pr jet-pt
Global approach Kinematic-dependent approach
(nominal) (systematic)
Category >3] >2b@77% 37 >2b@77% >4j >2b@77%
> 25 GeV 25-35GeV | 35-50 GeV | > 50GeV | 25-50 GeV | 50-75GeV | > 75 GeV
tth >3 b-jets >3 b-jets -
1thex - - exactly 3 b-jets
ttbb - - >4 b-jets
ttc <3 b-jets and > 1 c-jet < 3 b-jets and > 1 c-jet < 3 b-jets and > 1 c-jet
ttl events that do not meet events that do not meet events that do not meet
above criteria above criteria above criteria

23 October 2024

arXiv:2407.13473

Fitted values of scale factors Type
Regions @, @y a,, a; @,
>3j > 2b; >25GeV 1.20 £ 0.03 - - 1.62 £ 0.09 0.92 +0.04 Global
37 > 2b;(25-35)GeV | 1.40+£0.15 - - 1.99 +042 0.98 +0.08
3j > 2b;(35-50) GeV | 1.30+£0.11 - - 1.74 £ 0.27 0.77 £0.11
3j = 2b; > 50 GeV 1.26 +0.12 - - 1.05 +0.27 1.09 £ 0.15 | Kinematic-
>4j > 2b; (25-50) GeV - 131 £0.10 1.15+0.14 193+0.11 0.92+0.01 | dependent
>4j > 2b; (50-75) GeV - 1.10+0.09 1.20+0.10 1.64+0.09 0.86+0.01
>4j > 2b; >75GeV - .10+ 0.10 1.09+0.10 1.25+0.10 0.83 +£0.02

PIC2024 — Highlights on Top Quark Physics at ATLAS


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-03/

arXiv:2407.13473

1200~
- ATLAS Simulation

L » 4
1000} Vs =13 TeV, 140 b —}+ both b from top ]
[ eu channel, > 4b-jets ; i
- -+ one b fromtop A

tt+ b-jets production in ey final state

Events

800:— T -+~ none from top _

* An algorithm is developed for the classification of the origin soof | | ;
of b-jets (from tt or gluon radiation). O ]

* All possible permutations of b-jets, the one with the 200 | :
minimal —In(w) is chosen, and the first two b-jets are i

Particle-level ARL"

assigned to top quarks

- - 2 200 TS smuion ]

Clnw =1 (BReip - AREE)Z + (ARg2p2 — AR?;Z)i + (maX(ARb1b3, 4R22b3) — AR ) if Npjets = 3, 2 Soooz_éfﬁ?iff@ o obtomos
(ARglbl - AR?IIIE) + (ARgaz - ARI;IZIE) + (ARb3b4 —_ ARglén) if N b-jets > 4, eu channel, 3b-jets ---+-- b not from top

4000 -

* The algorithm correctly assigns 53% (56%) of b-jets in tt 3000} =
events with at least 3 (4) jets 2000f -
By selecting the leading pT b-jets, the fraction of t000F | T
correctly assigned b-jets is 42% (27%) S B R R N

Particle-level AR,
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tt+ b-jets production in ey final state

* Unfolding N
unfold - z Z M f accept f ( data bkg)
St Sk Sk
i ttb,partAreco k __ Tttb,recoApart f’i ttb,reco
feﬂ - i ’ faccept - k tth — Sk Bk ’
Sttb part ttb,reco ttb,reco ttb,reco
fid l
1 do™ Ny
fid" dxi , i ’
(0 i
AX Z N unfold
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tt+ b-jets production in ey final state

Fiducial cross-sections [fb]

e Fiducial cross-sections Fiducial phase space > 3b >3b>1l/c > 4b >4b > 1l/c
143 87 22 14

Measured +1 (stat) +1 (stat) =+1 (stat) +1 (stat)
+12 (syst) +8 (syst) £3 (syst) +2 (syst)

PowHEG+PyTHIA 8 t7bb (4FS) 132 78 23 14
PowHEG+PYTHIA 8 17bb hpzq (4FS) 129 74 21 13
PowHEG+PYTHIA 8 t7hb dipole (4FS) 128 71 22 13
PowHEG+PYTHIA 8 17bb p}%ard (4FS) 129 68 21 12
PowHEG+HERWIG 7 t7bb (4FS) 130 77 22 14
SHERPA t7bb (4FS) 135 90 21 15
HEeLAc-NLO (off-shell) eu + 4b — - 20 -
PowHEG+PyTHIA 8 11 (5FS) 120 74 18 11
PowneG+HErwIG 7 tf (SFES) 128 75 18 11
MG5_AMC@NLO+PyTHIAS t7 (5FS) 122 72 18 11
MADGRrAPHS_AMC@NLO+HErwIG 7 1t (SFS) 110 66 13 8
Suerpra 2.2.12 t7 (5FS) 124 73 16 10
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tt+ b-jets production in ey final state

Source Fiducial cross-section phase space

. . . . >3b >3b>1l/c > 4b >4b>1l/c

* Fiducial cross-sections systematics Unc. (%] Unc. [%]  Unc. [%]  Unc. [%]

Data statistical uncertainty 1.0 1.2 39 4.8
Luminosity 0.8 0.8 0.8 0.8
Jet 3.4 52 6.6 8.5
b-tagging 5.1 4.9 6.5 6.4
Lepton and trigger 1.4 1.4 1.2 1.2
Pile-up 0.9 0.7 0.6 0.3
tic/ttl fit variation 1.7 1.7 0.8 0.8
ttc/ttl shape variation 0.2 0.5 0.3 1.6
ttH/ttV and non-tf background 1.1 1.1 2.2 24
Detector+background total syst. 6.7 7.6 9.7 11.2
Parton shower and hadronisation 2.9 35 1.5 3.6
ur and up scale variations 0.7 0.6 0.2 0.3
Matrix element matching (p*T‘a‘d) 1.3 1.1 4.8 7.0
hdamp 1.8 1.5 2.9 32
ISR 0.1 0.4 0.2 0.3
FSR 3.1 3.6 33 3.1
Recoil ToTop 1.8 1.9 24 34
PDF 0.2 0.2 0.1 0.1
NNLO reweighting 0.6 0.5 0.5 0.5
MC statistical uncertainty 0.2 0.2 0.5 0.6
tt modelling total syst. 52 5.7 7.2 9.7
Total syst. 8.5 9.6 12.1 14.8
Total 8.5 9.6 12.7 15.5
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tt+ b-jets production in ey final state

e Differential cross-section in 3j3b
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arXiv:2407.13473

tt+ b-jets production in ey final state
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arXiv:2403.02133

LFU inW-boson decaystoe, u

* Pseudorapidity distribution of leptons in MC
simulation with at least one b-jet
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arXiv:2403.02133

LFU inW-boson decaystoe, u

* Object and event selection

Object selection

Electrons pr > 27.3GeV, |n| < 1.37 or 1.52 < |n| < 2.47
Muons pr > 27.3GeV, |n| < 2.5

b-tagged jets pt > 30.0GeV, |n| < 2.5, b-tagging DL1r 70%
Event selection tt — (Cbbvv Z—
Dilepton flavour (¢*£7) ee, e, U ee, uu

Dilepton invariant mass mee > 30GeV 66 GeV < mypp < 116 GeV
b-tagged jet multiplicity 1 or2 -
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LFU inW-boson decaystoe, u

arXiv:2403.02133

* Measurement of lepton isolation efficiencies — for tt — Il events and compared to POWHEG+PYTHIAS simulation samples

—
o
(&)

100

[{e]
8}

90

85

Muon isolation efficiency [%]

80

i

S

L J

75

I
TLAS
13 TeV, 140 fb

[

ml<1.5
|

I —
g ¢ Data

i— tt Powheg+PY

I

ﬁ||||
—h
o
()]

100

©
)]

| [

90

85

80

Electron isolation efficiency [%)]

mi>1.5
| | 75

IIIIIlIIIIIIlllIIllIIII

20.9525.3730-4 %0-5,90-660-7575-1, 5100 20-25°5:37%0-99%0-6p 60
Muon p_[GeV]
T

23 October 2024

I | |
ATLAS
Vs=13 TeV, 140 fb"

TTI[TTT T[T TTT[TTTT [T TTT[TTTT[TITTT
| | | | l I I

ml<1.5

| | | | | |

1
: @ Data
i— tt Powheg+PY

Ilﬁllll

i

ml>1.5
| | | |

20-2525:39%0-90 90-5950-680-7575-195" 100 20-25°5-39%0-95%06

PIC2024 — Highlights on Top Quark Physics at ATLAS

1%
g)III|IIII|IIII|IIII|IIII|II

Electron pT [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-28/

LFU inW-boson decaystoe, u

arXiv:2403.02133

* Measurement of lepton isolation efficiencies — for Z — Il events and compared to POWHEG+PYTHIA8 and SHERPA
simulation samples
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LFU inW-boson decaystoe, u

Events / GeV

* The result for R{fV/Ze is changed by less that 0.01% when the first my; bin

is removed from the fit

* Mismodelling in first bin consistent between ee and uu (next slide)

arXiv:2403.02133

—— —————
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arXiv:2403.02133

LFU inW-boson decaystoe, u

* The result for R{fv/ze is changed by less that 0.01% when the first my; bin
is removed from the fit

* Mismodelling in first bin consistent between ee and uu

* Ratio of uu over ee

8115_1 111Ivrl[!!llvvvIvvrltlllvvllrrr_ll 3115_]11ll'llll'll"ll'[l’[ll']"lIrll
Z 'YL ATLAS . E'ata o - Z 'YL ATLAS ¢ 'l_?'ata -
F [ Vs=13TeV, 140" fprediction 3 F [ (s=13Tev, 140 10" PISCCEOn
L Systematic unc. - L Systematic unc.
2b 1b
1.1 ] 1.1
1.051 - 1.05F

I
s
.
.

L
.-.—IIllIlJIIIlIIIIIlllllII

0.95F B 0.95F
E 1.02F ' ' ' ' ' ' ' —: E 1.02F ' + ' -
?«_: 1f + + * + ) B 1f . ° ° . :
Sowp T ¢ 3 Eowp 4 3
40 60 80 100 120 140 160 180 200 40 60 80 100 120 140 160 180 200
m, [GeV] m, [GeV]

23" October 2024 PIC2024 — Highlights on Top Quark Physics at ATLAS



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-28/

23 October 2024

LFU inW-boson decaystoe, u

 Statistical and systematic uncertainties

809.5+1.1+20.1+ 7.5+1.9pb,
2019.4 + 0.2 +£20.7 + 16.8 + 1.8 pb,

Ot

Oz-¢¢ =

e Uncertainties from data statistics, systematics,
integrated luminosity, LHC beam energy,
respectively.

o, =77147+£01+1.8+64+0.7pb.

arXiv:2403.02133

Hle upfee
Ry, RZ

Uncertainty [%] Ti5 Oze¢

Data statistics 0.13  0.01 0.22 0.02
tt modelling 1.68 0.03 | 0.10 0.00
Top-quark pt modelling 142 0.00 | 0.06 0.00
Parton distribution functions 0.67  0.68 0.15 0.03
Single-top modelling 0.65 0.00 0.05 0.00
Single-top/tt interference 0.54 0.00 | 0.09 0.00
Z(+jets) modelling 0.06 0.73 0.13 0.20
Diboson modelling 0.05 0.04 0.01 0.00
Electron energy scale/resolution 0.05 0.06 | 0.10 0.11
Electron identification 0.10  0.07 0.04 0.13
Electron charge misidentification | 0.06  0.06 0.01 0.13
Electron isolation 0.09 0.02 | 0.08 0.04
Muon momentum scale/resolution | 0.04  0.02 0.06 0.04
Muon identification 0.18 0.12 0.11 0.23
Muon isolation 0.09 0.01 0.07 0.01
Lepton trigger 0.09 0.12 | 0.01 0.23
Jet energy scale/resolution 0.08 0.00 | 0.03 0.00
b-tagging efficiency/mistag 0.14  0.00 0.00 0.00
Misidentified leptons 0.17 0.02 | 0.15 0.05
Simulation statistics 0.04  0.00 0.06 0.00
Integrated luminosity 093 0.83 0.00 0.00
Beam energy 023  0.09 | 0.00 0.00
Total uncertainty 266 132 | 042 0.45
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LFU inW-boson decaystoe, u

* Yields

23 October 2024

arXiv:2403.02133

Event counts Nf,eoff_z Nf,eon—Z Nle” Niu,'sz_z Nﬁgn—z
Data 222304 442108 405437 223085 448105

tt 154800 1700 24830+ 850 | 3610004200 | 152500+ 1800 24070 + 860
Wt 17500 + 1600 2770 + 240 41500 + 3800 17800 + 1700 2730 +250
Z+jets 46880 +400 410700 % 2000 859+ 21 51010780 418000+ 2000
Diboson 770 + 160 3940 + 840 790 + 280 770 + 160 3880 + 830
Mis-ID leptons 1300 + 500 360 + 260 1740+ 610 390 + 150 172 + 87
Total prediction | 221280 +£550 442600 + 1100 | 405900 + 1800 | 222390+ 670 448900 + 1100
Event counts Ng,eoff_z N;,eon—Z Nze“ NZ’;E_Z Nf,ﬁn_z
Data 85936 37704 198502 86169 38512

tt 79750 £ 920 13340 + 480 191000+ 1800 | 79770 + 830 13180 +450
Wt 2860 + 760 400+ 110 6700 + 1600 2940 + 740 423 +90
Z+jets 2675 + 68 23610+ 590 78 +2 3095 + 87 24110 +£ 600
Diboson 67 +£23 550+110 29+ 8 71 + 30 570+ 110
Mis-ID leptons 400 + 290 96 + 59 720 + 520 350+ 160 104 +56
Total prediction | 85760 + 360 38000 + 190 198510 + 440 86230 + 300 38380210
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arXiv:2405.05078

tt production in p+Pb collisions A
:: Dilepton Eﬁzﬁgm :
* Use top quarks to probe Z Sovon

772 Uncertainty 7

e nuclear PDFs (nPDFs) in kinematic region of Bjorken-x ~ 5+ 1073 — 0.05 and
Q? ~m# ~ 3-10%* GeV? - poorly constrained by other measurements in this
kinematic region

* gluon nPDF (important for perturbative calculations in QCD) which may s T / :
increase the tt cross-section by 10% compared to pp collisions. S 000200 300 400 500 600 700 800 39061600
Hy [GeV]
8 swob atas | epaa | 4
2 F p+Pb 5, =8.16 TeV, 165 nb”" [t ]
. . . . . . & 3501 11D p+jets [Singletop
* Cross-section differences between the two isospin configurations (proton- & F s mue
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arXiv:2405.05078

tt production in p+Pb collisions

S - inti Source Air| 0z
* Systematic uncertainties unc. up [%] unc. down [%]
Jet energy scale +4.6 -4.1
tt generator +4.5 -4.0
Fake-lepton background +3.1 -2.8
Background +3.1 -2.6
Luminosity +2.8 -2.5
Muon uncertainties +2.3 -2.0
W+jets +2.2 -2.0
b-tagging +2.1 -1.9
Electron uncertainties +1.8 -1.5
MC statistical uncertainties +1.1 -1.0
Jet energy resolution +0.4 -0.4
tt PDF +0.1 -0.1
Systematic uncertainty +8.3 -7.6
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arXiv:2405.05078

tt production in p+Pb collisions

* Data and predicted post-fit yields in the SRs

1£1b e+jets 1£1b p+jets 1£2bincl e+jets | 1£2bincl u+jets 201b 2¢2bincl
tt 214 + 24 194 + 21 405 + 21 373 + 19 55 £+ 6 79 + 5
t-channel 6.9 = 1.0 64 = 1.0 77 + 09 7.1 + 09 0 = O 0 + 0
W+b 37 + 19 37 + 19 16 + 8 17 + 9 - -
W+c 120 + 40 110 + 40 14 + 7 17 + 8 - -
W+light 80 =+ 40 80 =+ 40 48 + 3.1 9 £+ 5 - -
Z+b 16 + 13 8 = 7 8 = 7 3.7 = 30 12 £+ 9 29 + 24
Z+c 9 + 14 5 £ 7 1.7 + 2.6 09 + 14 6 + 9 04 + 0.6
Z+light 28 + 16 12 + 7 1.2 + 1.1 09 = 05 11 = 6 034 + 0.25
Diboson 032 + 0161029 + 0.15]0.055 =+ 0.029[0.039 + 0.02]053 += 027 0.049 + 0.025
tW 171 + 3.0 | 155 += 27 136 + 3.2 12.1 + 29 51 + 2 24 £+ 1.2
Fake lepton | 630 + 50 170 + 40 110 + 19 21 = 12 1.9 + 1 0.51 + 0.27
Total 1154 + 34 648 + 24 582 + 21 462 + 18 91 + 7 8 + 5
Data 1162 641 570 464 90 97
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arXiv:2405.05078

tt production in p+Pb collisions

* Measured uf value is translated to the inclusive tt cross-section via

—_ g - th
017 = He7 - APb * O,

* Where the mass number is App, = 208 and ng is the theoretical prediction of
the tt cross-section in nucleon-nucleon collisions at NNLO precision (to normalise
the signal tt samples in single lepton and dilepton decay modes)
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arXiv:2405.0507/8

tt production in p+Pb collisions

* Dilepton post-fit
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arXiv:2405.05078

tt production in p+Pb collisions

* Lepton+jets post-fit
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tt production in p+Pb collisions

e The nNNPDF30 nPDF set shows the largest discrepancies
e does notinclude the recent Run 2 LHC data for heavy-flavour production from p-Pb collisions

arXiv:2405.05078

T T I T T T l T T

p+Pb s, =8.16 TeV
165 nb’’
PP Data total unc.
| Data stat. unc.

T l T T T I
1 T T I T T T I T I T T 1 I T T
ATLAS p+Pb VsNN=8.16TeV ATLAS
165 nb™
PP Data total unc.
MCEM TUJU21 | Data stat. unc.

[ MCFM nNNPDF30 ] MCFM TUJu21
MCFM nCTEQ15HQ [ MCFM nNNPDF30
MCFM EPPS21 MCFM nCTEQ15HQ
CMS 8.16TeV p+Pb O PRL 119 (2017) 242001 MCFM EPPS21
ATLAS+CMS 8TeV pp (extrap.) JHEP 07 (2023) 213

L I L L L I
1 L L I L 1 L I L l L L 1 l L L
0 20 40 80 100 0.6 0.8
O, [nb]

23 October 2024

PIC2024 — Highlights on Top Quark Physics at ATLAS



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2023-32/

