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Abstract:
This thesis presents two independent but related studies in high-energy proton—proton collisions.

The first study presents a measurement of the helicity fractions of W bosons produced from tt™ in proton-proton
collisions at a Vs =13 TeV. The analysis utilizes the full Run 2 ultra-legacy data samples, corresponding to an
integrated luminosity of 137 fb™!' collected by the CMS experiment at the LHC. The W boson helicity fractions are
extracted from events containing two oppositely charged leptons, b jets, and missing transverse energy from two
neutrinos in the final state. The measured (expected) helicity fractions for the longitudinal, left handed and right
handed polarizations respectively are found to be:

(Fo=10.696 £ 0.004(stat.) = 0.007(syst.)),

(Fr =0.303 £ 0.003(stat.) = 0.004(syst.)),

(Fr =0.001 + 0.004(stat.) + 0.006(syst.)).

These results are consistent with the Standard Model predictions.

The second study presents a projection of the sensitivity to Beyond the Standard Model (BSM) effects in the central
exclusive production of a Z boson and a photon (pp — p @ yZ @ p) at the High-Luminosity LHC (HL-LHC), and the
corresponding limits on anomalous yyyZ couplings. The analysis targets the dimuon decay channel of the Z boson
accompanied by a photon, using simulated proton-proton collisions at Vs =14 TeV with an integrated luminosity
representative of the full HL-LHC dataset. The study demonstrates the expected reach for constraining anomalous
quartic gauge couplings in the yyyZ vertex, highlighting the potential of central exclusive processes as a probe for
BSM physics.

Date-Time: Tuesday, September 16th, 2025 (Shahrivar 25th, 1404) - 11:00 AM

Location: Seminar room, School of Particles and Accelerators
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