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Progress of W boson physics at the energy frontier
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The Higgs boson discovery in 2012, the final piece of the Standard Model (SM) puzzle, marked a new era in particle
physics. At the Large Hadron Collider (LHC), it is a hot research topic at the high-energy frontier of high-energy physics to
precisely test the SM by measuring processes such as multi-bosons coupling with W or exploring new physical phenomena
containing W boson beyond the Standard Model (BSM) in the Standard Model. With the accumulation of data at LHC, it
becomes possible to examine and study the interaction of the W gauge vector bosons in more detail at the LHC at the
frontier of high-energy physics. At CMS (compact muon solenoid), the first measurement of the associated production of a
W boson and a photon process and both the electron and the muon decay modes of the W boson were used to extract the
cross section by a maximum likelihood fit to the lepton-photon mass distribution. The measured cross section in a defined
fiducial region is 0=15.58+0.75 pb, consistent with theoretical expectations at next-to-leading order in quantum
chromodynamics. This search further studied possible new physics by the limits on the coefficients of the dimension-six
operators relevant to anomalous triple gauge couplings with the effective field theory (EFT) approach at the 95%
confidence level (CL), and finally gave a world’s best limit on the C,,,, parameter, which provides important input
information for the indirect search for new physics beyond the SM. The first observation Wy with two jets was also
performed at CMS, with observed (expected) significance 5.3 (4.8) standard deviations, where the W boson decays events
were selected by requiring one identified electron or muon and an imbalance in transverse momentum, and the two jets
were required to have a high di-jet mass and a large separation in pseudorapidity. CMS also reported polarized same-sign W
boson pairs search for the first time in the world. The longitudinally polarized vector boson scattering can verify if the
Higgs boson preserves the unity and help deeply understand the electroweak symmetry breaking. The observed (expected)
upper limit at 95% CL on the production cross section for longitudinally polarized same-sign WW scattering is provided to
be 1.17 (0.88) fb. Based on the same-sign WW scattering, CMS researchers also probed heavy Majorana neutrinos at the
TeV energy scale and the dimension-five Weinberg operator for the first time at a collider, and the observed (expected)
upper limit at 95% confidence level on the effective pup Majorana mass was reported in this study to be 10.8 (12.8) GeV. For
the decay of a resonance to two heavy bosons, various final states have also been searched at CMS. By studying WWW
resonance, the theoretical hypothesis of Wy with mass less than 3 TeV can be excluded at 95% confidence level. The
studies of the W boson at the high-energy frontier contain a wealth of content, and it is believed that W boson physics at
high-energy colliders will enter an unprecedented crucial period with the high-luminosity LHC (HL-LHC) phase.
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