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Observation of ¢~ production Observation of ¢ttt production
Motivation Motivation

= pp — tgy is a rare processes predicted in the SM (~ once in 50 billion pp collisions) = tttt production is a rare process featuring a spectacular heaviest particle final state
= o(tqy) is sensitive to » Cross-section of this process o(tttt) is

= top quark’s interaction with photon and W= bosons = sensitive to the top-quark Yukawa coupling, and its CP properties

= electric and magnetic dipole moments of the top quark = enhanced in many BSM models like gluino pair production in SUSY

= sensitive to various four-fermion interactions and also the Higgs oblique parameter in EFT
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» CMS published evidence for this process with 35.9 fb™! (Phys. Rev. Lett. 121 (2018) 221802)
= First observation of the process by ATLAS using the full Run-2 dataset (139 fb™!) » The analysis uses full Run-2 data (140 fb™)
- Final state at leading order has exactly 14, 1~, 1 forward jet, 1 b-jet, a neutrino  Final states with two leptons with the same charge (2LSS) or three leptons (3L) are
which manifests as the imbalance in transverse momentum considered in the analysis
Analysis Strategy Analysis Strategy
= Two signal regions (SR) are defined based on the # of forward jets: 0f; and > 1f] « Signal region events: > 6 jets with > 2 b-tagged jets and Hy > 500 GeV
= Control regions (CR) are used for determining the normalization for prompt - Major bkgs: ttW +jets, ttZ+jets, tt H+jets and processes with non-prompt leptons

photon bkgs: tty CR and W~ CR - Normalizations for non-prompt lepton bkgs are determined using the Template

As a single bin methOd iﬂ fOUF CRS

Fake photon bkgs are estimated by applying
data-driven corrections to MC prediction

= Tag and Probe method for e — ~ fakes
= ABCD method for h — ~ fakes

« A dedicated data-driven technique is used for finding ttW normalization per jet
bin in 4 ttW CRs
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Results
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= Obs. (exp.) significance: 9.3 (6.8) 0 = First observation of ¢~ production 5 s % 8 4 45[@ 2 &
p? [Ge
g [ AR RN RRRRN RARRN LR RRRANRRRR RRRRERRRRS £ 2400 T T T T T T T T
210000{ ATf?S o ’Eata D;‘t’y - 2 2200F ATf?S 9 1 ’?ata D;‘.t” =
: :J;j;RST ne EJVT/IIZ/S)C’ =Zj}:+1ets : 20003— i_ﬁ_jSC;T ne Elzljl:f;iiq =sz/+jets _f ReSUlts
8000_— Post-Fit Be- v [l Other prompt v ] 18003— Post-Fit Be- 7 [l Other prompt y_f
i ;Gay. [ |Fake leptons | 1600:— ;8_)7/- [ ]Fake leptons E
- Uncertainty . = ~ Uncertainty O T T T T [T T T T[T T T T[T T T T[T T T T[T T T T[T T T T[T T T T[TTTT
a 1400 . - g L ATLAS ¢ Data B titt
1900 E . , — 10°F Vs =13 TeV, 140 fb" [JttW Mtz 3
1000 E = A Graph Neural Network is used for separating £ E sr m Clamin -
' . . o) - Post-Fit Mat. Conv. HF e
o E four-top production from bkg o 10 Miowm. EHFu 3
600 & - [ Others [ttt

400
200

= Obs. (exp.) significance: 6.1 (4.3) o o= 7 Uncertainty ""Pfe'F”_;
— Observation of tttt production :

 Measured cross-section o (tttt) = 22.5 T84 fb
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Interpretation in new physics scenarios

5 g -  Limits are set on the top-Higgs Yukawa interaction, which can be parameterized as
5 Wy ///?//MW%WW 5 R a function of two parameters: a multiplicative modifier (k,) and a CP-mixing angle
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» For CP-even coupling, obs. (exp.) limit: |k;| < 1.8 (1.6) at 95% CL

At parton level: oy, x B(t — (vb) = 688 4 23 (stat.) T2 (syst.) fb

« Phase space definition: > 1 photon with p7. < 2.37 and 5 25 amas | Lemoomr] g2 = Famas . S =
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Compatible with SM within 2.1 (2.0) ¢ at parton (particle) level
» Leading systematic uncertainties: tty modelling, limited tgy MC stats, limited bkg - Obs. (exp.) limit for Higgs oblique parameter (H), which modifies the off-shell
stats and modelling of tt Higgs interactions is 0.20 (0.12)
More details: arXiv:2302.01283 More details: Eur. Phys. J. C 83, 496 (2023)
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