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Introduction

. interaction lies at the
heart of particle physics and is derived from
symmetry principles

« SUQ), x U(l)y

* Four remain after electroweak
symmetry breaking

s W W™, Z,y

. and of EW gauge bosons are
predicted precisely by EVV theory 10°
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* At the LHC, test EWV theory through
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* precision measurements of image Credit

. production at high-energy


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2024-011/fig_26.pdf

Precision Tests at the LHC °
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https://agenda.infn.it/event/28874/contributions/168907/attachments/94109/128601/EW_fit_Gfitter_ICHEP2022.pdf

High-energy tests of EW Physics

* Test electroweak theory by

. 1014
mea§L.|r|ng proc.esses LLLL
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: pb 1012
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energy 10

* Small deviations can lead to
potentially 108

* Directly probe the
mechanism of 10°
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https://www.sciencedirect.com/science/article/pii/S0550321398002879?via%3Dihub
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Precision Measurements of W and Z Bosons
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https://home.web.cern.ch/news/news/experiments/lhcb-experiment-releases-all-its-run-1-proton-proton-data

W and Z cross sections

* Fundamental SM measurements with a precision
of up to 1.9% (ratios 0.35%)

* LHC measurements for energies ranging from 2
2.76 - 13.6 TeV m 10°
X
. uncertainty dominates for total ©
cross-sections
10*
. for ratios
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http://arxiv.org/abs/2405.18661
https://www.sciencedirect.com/science/article/pii/S0370269324002831

W and Z cross sections

* Typical results include cross-sections, ratios, differential

with lower pile up can be used to make very
precise measurements

distributions

» Provide theoretical validation of p,’ useful for my,
measurements

* Geometry of the LHCDb detector enables measurements up
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https://link.springer.com/article/10.1007/JHEP02(2024)070
https://arxiv.org/abs/2404.06204

W Boson Width

* First measurement of W boson width at the LHC CMS Preliminary
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https://arxiv.org/abs/2403.15085
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-002/index.html

Effective Weak Mixing Angle

lepton plane
* Weak mixing angle probes

 Measured using pp — ¢~ forward backward asymmetry
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https://arxiv.org/pdf/1708.00008
https://indico.cern.ch/event/1403080/
http://arxiv.org/abs/2408.07622

Effective Weak Mixing Angle Results

* Best approaching
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W Boson Decay Branching Fractions

* Precise measurements of W boson decays using

* Consistent with SM; ~1% precision
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https://arxiv.org/abs/arXiv:2403.02133
https://www.nature.com/articles/s41567-021-01236-w
http://dx.doi.org/10.1103/PhysRevD.105.072008

W Boson Decay Branching Fractions
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-009/index.html

Photon-Photon Fusion o

* Photon-photon fusion provides a pure test of QED P —> T — y W+
Y

* Precise theoretical calculations (<1%)

* Typically measured in UPC heavy-ion collisions 5 S
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https://www.sciencedirect.com/science/article/pii/S0370269321001301
http://arxiv.org/abs/2406.03975

CMS CMS Experiment at the LHC, CERN
Data recorded: 2016-Jul-16 20:57:32.758784 GMT
Run/ Event / LS: 276870 / 2920241170/ 1610

Multiboson Production at High-Energy
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Diboson Production at 13.6 TeV
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Typical precision <5%
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Quartic Electroweak Couplings
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Recent Examples of Quartic Coupling ;
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Diboson Polarization

. of dibosons generated by EVWWSB

e Measured from

e Recent observation of

from vector boson decays

builds on measurements of

individual polarization [PLB 843 (2023) 137895, JHEP 07 (2022) 032]
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Diboson Polarization Results

* LHC experiments are starting to become sensitive to |/, //, production

* |nitial studies of energy dependence, e.g. withWZ

 Eagerly awaiting V; V, scattering at the HL-LHC as critical test of EW symmetry breaking
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Conclusion

* LHC is proving to be precision machine for
* Already of previous accelerators in many cases

* Relies on large datasets, detailed detector understanding, dedicated reconstruction techniques, advanced
analysis methods (including Al/ML) and accurate theoretical predictions

* Recent includes
* W boson mass and width
* Weak mixing angle
* Lepton couplings
* Multiboson measurements are being used to test at high energies

* Looking ahead towards a full exploration of electroweak symmetry breaking at the upcoming HL-LHC
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