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Why tt and how?

tt measurements can be used to:

* Assess current level of understanding of the
SM

e Perform studies to improve MC tuning and
systematic uncertainty definitions

* Provide inputs to the gluon PDF
e Extract top mass and ag

e Set limits on the existence of new physics.
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» All-hadronic final state: very challenging

» Semi- and di-leptonic final state: high-precision level can be reached
» 5,7,8, and 13 TeV measurements were performed”

* = Brief summary of ONLY latest results on 5.02 and 13 TeV LHC data.



Inclusive o measurements



ATLAS

EXPERIMENT

tt): dilepton @5 TeV - ATLAS

oVNLO(5TeV) = 68.2 + 4.8 (PDF) 113 (as) pb

o

ATLAS-CONF-2021-003

5.02 TeV

L =257 pb! Same technique

used for 7,8 TeV
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> Uy, ee and ep channels; ATLAS Preliminary

Vs =5.02 TeV, 257 pb’!
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» No requirements applied on the number of
jets = Very small related uncertainties
(0.03%).

0 =66.0+4.5(stat) + 1.6 (syst) + 1.2 (lumi) + 0.2 (beam) pb

total relative uncertainty of 7.5%


https://cds.cern.ch/record/2754223/files/ATLAS-CONF-2021-003.pdf?version=1

o(tt): dilepton @5 TeV - CMS

oVNLO(5TeV) = 68.2 + 4.8 (PDF) 113 (as) pb
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> Measurement combined together with o = 60.3 + 5.0 (stat) + 2.8 (syst) + 0.9 (lumi) pb [only dilepton]

the |+jets (2015, JHEP 03 (2018) 115)
with the BLUE combination.

Dominant syst are the JES (2.2%) and DY (1.8%)

0=062.61+4.1(stat) + 3.0 (syst + lumi) pb

/

27% for l+jets, 73% for dilepton

total relative uncertainty of 7.9%



https://link.springer.com/article/10.1007%2FJHEP03%282018%29115
https://cds.cern.ch/record/2758333/files/TOP-20-004-pas.pdf

o(tD): dilepton @13 TeV - ATLAS ATLAS

oVNLO(13 TeV) = 831.76+1877 (scale) + 35.06 (PDF + as) pb Eur. Phys. J. € 80 (2020) 526
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» Counting technique: o extracted counting
the number of b-tags = same technique
used for 5 TeV

MC / Data

» Measurement extremely limited by

luminosity
o0 =826.4+ 3.6 (stat) + 11.5 (syst) + 15.7 (lumi) + 1.9 (beam) pb

total relative uncertainty of 2.40%

» Small impact of the jet related
uncertainties Dominant syst are tt modelling (0.67%) and Wt background (0.52%)


https://link.springer.com/article/10.1140/epjc/s10052-020-7907-9

o(tt): dilepton (with T) @13 TeV - CMS
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> Mis-identified 1, constrained in the overall o =781 + 7 (stat) + 62 (syst) + 20 (lumi) pb

fit to the data in the my distribution. . .
total relative uncertainty of 8.4%

Dominant syst are related to the t identification (4.5%) and mis-identification (2.3%)



http://dx.doi.org/10.1007/JHEP02(2020)191
http://dx.doi.org/10.1007/JHEP02(2020)191

O-S tf!: I+i€t$ @] 3 Tev — ATLAS EXPERIMENT

13 TeV

L =139 fb!

Events / 0.05

Data / Pred.

oVNLO (13 TeV) = 831.7611377 (scale) + 35.06 (PDF + ag) pb

ATLAS

Phys. Lett. B 810 (2020) 135797

» 3 signal region (SR) categorised according to the number of jet/b-jet

» Profile likelihood to fit 3 distributions (one per each SR)
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o =830+ 0.4 (stat) + 36 (syst) + 14 (lumi) pb

Dominant syst are tt modelling (2.9%) and Jet reconstruction (2.6%)
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total relative uncertainty of 4.6%



https://www.sciencedirect.com/science/article/pii/S0370269320306006?via=ihub

Differential o,z measurements



a(tt) differential: dilepton @13 TeV — ATLAS !;\I!Tﬁé
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https://link.springer.com/article/10.1140/epjc/s10052-020-7907-9
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http://dx.doi.org/10.1140/epjc/s10052-020-7917-7
http://dx.doi.org/10.1140/epjc/s10052-020-7917-7

: |+jets @13 TeV - CMS
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Dominant syst Jet energy (1.38%), BR (1.11%) and lepton unc (0.98%)

> Inclusive = sum of all bins


http://arxiv.org/pdf/2108.02803
http://arxiv.org/pdf/2108.02803
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o(tt) differential: |+jets @13 TeV - CMS
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http://arxiv.org/pdf/2108.02803
http://arxiv.org/pdf/2108.02803

ATLAS-CONF-2021-03
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https://cds.cern.ch/record/2777237/files/ATLAS-CONF-2021-031.pdf?version=1

a(tt) differential: all-hadronic @13 TeV - ATLAS !;\I!Tﬁé
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» Data driven method to estimate multi-jet background
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https://link.springer.com/article/10.1007/JHEP01(2021)033?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20210117

o(tt) differential: all-had and I+jets boosted @13 TeV - CMS
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http://dx.doi.org/10.1103/PhysRevD.103.052008
http://dx.doi.org/10.1103/PhysRevD.103.052008

Conclusions

» Top quark pair production are measured with high precision at both ATLAS and CMS

» Presented the results of the inclusive cross-section at 5.02 TeV = good agreement with predictions NNLO

» Presented the results of the inclusive cross-section at 13 TeV = good agreement with predictions NNLO

» Differential measurements performed at 13 TeV in all channels (dilepton, |+jets and all-hadronic) for resolved
and boosted topologies as a function of many observables of tt, jets and leptons kinematics, including double
and triple differential distributions, at particle and parton level.

* No ssignificant differences with the SM have been observed

 Some tension observed with the NLO predictions, in particular on double-differential distributions and
variables related to the top p-.

Thanks {for your attention!
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Summary of the o(tt) measurements at 13 TeV

ATLAS+CMS Preliminary

LHCtop WG o, summary, Ys=13TeV September 2021
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"""" My, = 172.5 GeV, o, (M,) = 0.118+0.001
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scale ® PDF @ o uncertainty o, * (stat)

total stat
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CMS, dilepton ep 746 + 58 + 53 + 36 pb
PRL 116 (2016) 052002, L =43 pb™, 50 ns

CMS, dilepton ep [ 803+ 2+25+20pb
EPJC 79 (2019) 368, L_=35910", 25 ns :

CMS, dilepton t+e/u —a— 781+ 7 +62+20 pb
JHEP 02 (2020) 191, L =35.9 b 25 ns

CMS, I+jets 141 888+ 2+26+20pb
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