Constraining Anormal Quartic Gauge Couplings via pp — Zyy Process at FCC-hh
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/ ABSTRACT Y

We study on dimension-8 anomalous couplings related to the quartic vertices of neutral gauge bosons, defined by the effective field theory framework, in Zyy production with Z-boson decaying
to charged leptons at Future Circular hadron-hadron collider (FCC-hh). The analysis is performed using Monte Carlo event sampling with a realistic detector effect and a cut-off-based method,
taking into account centre-of-mass energy of 100 TeV and integrated luminosity parameters of 30 ab! or the FCC-hh. The sensitivity limits for anomalous quartic couplings frg/A* and frq/A*
(fro/A*, fr1/A* and fr,/A*) at 95% C.L. for FCC-hh with without systematic errors is two (one) order better than the current experimental limits of ATLAS and CMS results. Considering a realistic
systematic uncertainty such as 10% from possible experimental sources, the sensitivity of all anomalous quartic couplings gets worsen by about 1.5% compared to those without systematic

\_ uncertainty for FCC-hh. .
/ THEORY Y[ CROSS SECTIONS fot op - Zyy PROCESS q "
The three classes of dimension-eight effective operators containing; i) covariant derivatives of I F
Higgs doublet only (O ), i) two field strength tensors and two derivatives of Higgs doublet '

(Owm;) and iii) field strength tensors only (O;;) are added SM Lagrangian [1]
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Fig.2: Feynman diagrams for the tree-
level Zyy production of anomalous
quartic gauge-boson coupling vertex
(represented with green circle) and the
SM contributions.

WWWW WWiz 2242 WWqs WWyy 222y Z2vy Zvyy vy Fig.1 : The cross section of the pp > Zyy process as function of the lower cut on photon

Org, Oy O S i i J & o " r r transverse momentum (left panel) and production cross section of the Zyy process in
' : terms of the anomalous quartic gauge couplings for FCC-hh (in the right panel)
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Quartic gauge boson vertices modified by the related dimension-8 operator

EVENT SELECTION AND DETAILS OF ANALYSIS

4 ) 4 ) 4 )
Event generation by Parton Shower and Hadronization Fast Simulation Jets are reconstructed by using

MadGraph5 aMC@NLO 3.1.1 [2] by by Delphes 3.4.2 [4] with FCC clustered energy deposits with Fastlet
L signal and all background process ) Pythia 8.20 [3] Detector Card L 3.3.2 [5] using anti-kt algorithm [6]
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Fig.3 Normalized distributions of transverse momentum and pseudo-rapidity of the

leading (I11) and sub- leading leptons (12) after the event selection (Cut-0) for the : i : : 1.H Figd. Normalized distributions of transverse momentum and pseudo-rapidity of the leading (y1)
signals and background with Li . = 30 ab™™. - ’ : : R i and sub- leading leptons (y2) after the event selection(Cut-0) for the signals and backgrounds
- g . processes with Lint =30 ab™?
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Fig.6 Normalized distributions of transverse momentum of the leading photon (y1)
after Cut-4 for the signals and backgrounds processes with L., = 30 ab™
260 I8 3 A2 3 38 T so“'i”

4 42 : 3
Fra/AY=0.01 TeV —4 FCC-hh logwM,_.,,lGoV] log M GoV]
Cut-) 330650 (336093 316474 2TTERE 104087000 255068000 162914000 13170400
Cut-1 135863 (132002) 125512 108020 29503500  G6414700 52153500  2RO0RS

Cut-2 RdBE34 (32076) TO0GRG T4 0 24973 1 4563 il
Cut-3 19272 (17494} 16211 193 0 124386 0 il
Cut-4 18467 [16848) 15585 149 0 12486 0 il
Cut-5 G205 (4000} sl Lt ) [ il 0 il

Events/ 1.0
Events/S.0 GeV

w int

Fig.7 Reconstructed mass of the leading and sub-leading charged leptons and photons after
cut-5 without the UV bound (left panels) and with the UV bound (right panels) for FCC-hh with
alL,=30ab™
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Fig.5 Normalized AR(y1, v2), AR(v1, 1), AR(I1, 12) and charged lepton pair invariant Table 1: The cumulative number of events for signal (frg/A* = 0.01 TeV ) and relevant

mass distribution after the event selection (Cut-0) for the signals and backgrounds background processes after applied cuts The number of events between the parenthesis
processes with Lint = 30 ab™™. are obtained after applying UV bounds for signals.
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