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Top quark:

e Heaviest elementary particle: special
connection with Higgs Boson

‘L'Op<< 1/A

t QCD
e Entersin fundamental SM mechanisms

e Portal for new physics? (BSM)

Measuring top cross section (o):

e Many processes, several orders of magnitude

— quasi-free particle

Test for precision QCD/EW predictions, for
MC simulations
e Study fragmentation, jet substructure, ...
e Provide inputs for fundamental SM
parameters (e.g. m o, Vi)
e Inputs for PDFs
Background description for BSM

Top Quark Production Cross Section Measurements

Status: April 2024
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This talk: recent tt and single top o results

tt + y/V @ ATLAS: Jan Hahn's talk
tt + HF @ ATLAS: Ricardo Goncalo’s talk

Top properties & mass @ ATLAS: Pavol Strizenec’s talk
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Top pairs o
measurements




ATLAS
Vs =13 TeV,140 b
pp — tt (= ¢+jets)

Jet observables in tt @ 13 TeV, full run-2

Events/GeV

- arXiv:2406.19701 submitted to JHEP =5 =

+//7. systematic uncertainty

e [+jets selection; tt, tt+1 jet, tt +2 jets
e Focus on jets observables, sensitive to ISR/FSR
e Pseudo-top reconstruction algorithm:

o 2 highest p,. b-tagged jets: b-jets

Prediction/Data

© 2 non-tagged ]ets Wlth m, ClOSGSt to I’nW: W-]ets ot 200 400 600 800 1000 1200 1400 1600 7800 2000
o Neutrino from E_™** + m,, constraint " GeV]
o W, and W, ,can be thusreconstructed s T

eﬁ . . . . :pp—>tt (— t+jets) ATLAS .
o Highest Py ]ets not used in algorithm identified as ol f5=13Tev.140 10"

ISR jets in tt +1 jet, tt +2 jets regions
e Particle-level (Iterative Bayesian Unfolding, IBU)
differential cross sections
e Dominant uncertainties: b-tagging, jet energy
scale/reso, modelling, background (depending on bin)

relative uncertainty in abs. ¢ [%]

__ e b-tagging mmm signal modelling
| = detector MC statistic
= reconstruction = non-closure
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Jet observables in tt @ 13 TeV, full run-2

arXiv:2406.19701 submitted to JHEP

Results compared with NLO+PS MC predictions
Comparison also with NNLO+PS setup (MINNLOPS)
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o data/prediction improvement in several observables
o slightly worse description of pTJ‘*t'r‘J‘O12
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Jet observables in tt @ 13 TeV, full run-2

Prediction Pwc+Py8 Pwc+Hw7 aMC@NLO+Hw7  Suerea 2.2.12 PwG+Py8
MINNLOPS
Observable NDF y?* p-value x> p-value y? p-value x> p-value y*  p-value
el 9 120 021 160 0074 130 0.9 190 0024 140 0.3
[yieEWI | 9 630 <001 760 <00 650 <001 560 <001 130 0.7
P 7 79 034 9.8 020 80 033 130 0064 82 031
Data-MC agreement 1S [y 9 1340 <001 2200 <001 2190 <001 1030 <001 250 <001
qu antified with a Xz |Ay5-°"w' -if*-W2| 9 70 063 82 052 79 054 61 073 52 081
|Agpiet W —jet-W2| 9 95 039 120 021 130 017 110 025 87 047
calculated both for absolute P 10 94 050 95 048 85 058 103 042 120 029
and normalised cross [ydetradl | | 9 490 <001 800 <001 680 <00l 420 <001 210 0011
|Agptoplep —jet-radl 6 28 083 30 080 27 085 29 082 25 087
sections for all observables |ApoPhedietndi 626 086 29 082 22 090 26 085 21 091
|AgpietW1 — jetoradl 9 77 056 110 027 63 071 86 047 56 078
T —ietradl 7 91 024 98 020 79 035 78 035 82 03l
e 8 120 013 130 011 110 022 105 023 140 0072
[yletrad2) 9 240 <001 450 <001 380 <00l 300 <001 160  0.069
|Ayjet-rad! ~ jet-rad2| 9 56 078 150 0090 77 057 59 075 64 070
|Agpictrud] —jetrad2) 9 250 <001 690 <001 330 <00l 150 0084 260 <001
|Agptoplep —Jet-rad2) 6 120 0072 150 0018 120  0.062 130 0036 85 021
|Agtophad —jet-rad2) 6 4.7 0.59 5.5 0.49 4.8 0.57 4.6 0.59 26  0.86
|Agie-W1 —jetrad2 9 120 023 220 <001 180  0.040 140 013 110 026
e 8 140 0094 160 0042 120 0.5 100 026 140  0.085 6



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-09/

Observation of tt in p+Pb @ 8.16 TeV arXiv:2405.05078
Submitted to JHEP

e tt in HI different wrt pp due to:
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Observation of
tt in p+Pb @
8.16 TeV

arXiv:2405.05078
Submitted to JHEP

— - th
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e comparisons with NLO
MCFM scaled to NNLO
QCD o for different
nPDF sets

e o measured with 9%
uncertainty
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et substructure in tt @ 13 TeV, full run-2
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Boosted hadronic decays of tops — large jets
Substructure of jets: sensitive to precision
modelling of QCD effects, important for taggers
Measurement performed in {+jets and all-had
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PRD 109 (2024) 112016

{+jets:

use small-R jets + large
reclustered (RC) jets
top-jet p,>350 GeV

e Bkg from MC (except fake
leptons)

all-had:

e large-R trimmed jets +
variable-R track jets for
b-tagging

e topjets p,>500, 350 GeV

e top tagging applied: tag&
probe approach to avoid bias

e 16 regions depending on b-

and top-tagging multipl.
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et substructure in tt @ 13 TeV, full run-2

PRD 109 (2024) 112016
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e Energy-correlation variables ECF, D, and C,

¢ Generalised angularities LHA and p, %"

Dominant uncertainties: FSR, parton sh., jet energy meas.
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et substructure in tt @ 13 TeV, full run-2 ~ LZRD 109 (2024) 112016

@i PWG+PY8 PWG+H7 AMC@NLO+PY8 | PWG+PYS8(FSR Up) | PWG+PY8(FSR Down)
) X’/NDF  p-value | y’)/NDF  p-value | y*/NDF  p-value | y>/NDF  p-value | y?/NDF p-value
™ 54/12 <001 | 1912 0.09 | 15/12 024 | 165/12 <0.01 [ 40/12 <0.01
21 14/14 0.41 7/14 0.92 | 16/14 032 | 42/14 <0.01 8/14 091
73 36/11  <0.01 | 4211 <0.01 | 14/11 023 | 130/11 <0.01 | 23/11 0.02
ECF2 25/18 0.13 | 13/18 0.78 | 15/18 069 | 31/18 0.03 | 24/18 0.14 :
D> 20/16 020 | 17/16 0.39 | 20/16 020 | 37/16 <0.01 | 15/16 0.49 t+jets channel
Cs 11/14 0.65 6/14 097 | 3/14 1.00 | 35/14 <0.01 3/14 1.00 (a lI-had in b ackup)
o 2712 <0.01 | 10/12 0.58 | 11/12 053 | 56/12 <001 | 24/12 0.02
LHA 14/17 0.65 9/17 0.92 | 20/17 029 | 14/17 069 | 1917 0.32
Dyvs.m' | 61/42 0.03 | 62/42 0.02 | 59/42 0.05 | 118/42 <0.01 | 44/42 0.37
Dyvs.py? | 71/56 0.08 | 68/56 0.13 | 70/56 0.11 | 107/56 <0.01 | 93/56 <0.01
tpvs.m' | 153/42 <001 | 7242 <0.01 | 56/42 0.07 | 413/42 <0.01 | 77/42 <0.01
T vs.prt | 153/50  <0.01 | 103/50  <0.01 | 57/50 023 | 360/50 <0.01 | 114/50 <0.01

e (+jets and all-had use different jets but results >90% correlated
e FSR Up PWG+Py8 in poor agreement with data, data favors lower FSR scale (higher aSFSR)
® 17, often poorly modelled by NLOME+PS
e aMC@NLO+Py8 compatible with data for all variables
e Results complement previous studies:

o Focus on boosted top, with all-had channels giving access to very high p..

o Track-based substructure improves resolution and reduces uncertainties il
e
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tt /Z @ 13.6 TeV, run-3 aas [ ELB 848 (2024) 138376
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Single top o0 measurements




t-channel @ 13 TeV,

full run-2

[HEP 05 (2024) 305
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t-channel @ 13 TeV, full run-2 [HEP 05 (2024) 305
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t-channel @ 13 TeV, full run-2: interpretations |Her 05

(2024) 305
u ¢  EFT interpretation: 31 5
e 4-quark operator changes -0.37 < CQ’ /A~ < 0.06
kinematics of events 4
e Operator (_:ouphngw1th Higgs —0.87 < C3 /A2 < 142
changes yields »Q

Assuming CKM unitarity, from total ¢
measurements it is found:

fiv - [Vip| = 1.015 £0.031

Limits are presented also for scenarios
where |V _|and/or |V | are not neglected

o

fLulV

0 0.05 0.1 0.15 0.2 0.25
16
fvlVid
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t-channel observation @ 5.02 TeV PLB 854 (2024) 138726
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Conclusion

ATL-PHYS-PUB-2024-006

Inclusive cross-section [pb]

Presented recent tt and single-top cross

section measurement from ATLAS

Results in p+Pb or 5/13.6 TeV pp

provide info in different regimes
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High precision and thorough differential
studies show strengths and limitations of
current predictions
BSM interpretations e.g. with EFT operators
Run-3 in progress, more stat being collected
© Most measurements syst-limited, must
use data to improve syst
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