
The Fascinating World of CP Violation in S0
J/psi Phi Decays
CP violation is a phenomenon that lies at the heart of understanding the
universe's preference for matter over antimatter. In the realm of particle physics,
the study of CP violation provides valuable insights into the nature of fundamental
particles and their interactions.

One area where CP violation has been extensively studied is in the decays of the
S  (S-zero) particle into J/psi and phi mesons. These decays offer a unique
opportunity to investigate the subtle differences between matter and antimatter
and shed light on the matter-antimatter asymmetry mystery.

What is CP Violation?

CP violation refers to the violation of the combined symmetry of charge
conjugation (C) and parity (P) in physical processes. Charge conjugation is the
operation that transforms a particle into its corresponding antiparticle, while parity
transformation is the reversal of spatial coordinates. An interaction that exhibits
CP violation behaves differently under the combined operation of C and P as
compared to their individual operations.
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In the Standard Model of particle physics, the phenomenon of CP violation is
attributed to a complex phase in the Cabibbo-Kobayashi-Maskawa (CKM) matrix.
The CKM matrix describes how quarks, the building blocks of protons and
neutrons, mix with each other during weak interactions.

CP Violation in S  J/psi Phi Decays

The S  particle is a relatively new discovery, observed at the Large Hadron
Collider (LHC) at CERN in 2014. It is a meson composed of a strange quark and
a charm antiquark. The S  meson decays into J/psi and phi mesons, which in turn
decay into muons, kaons, and pions.

Researchers at CERN have been studying these decays to search for evidence
of CP violation with the goal of understanding the observed dominance of matter
over antimatter in the universe. By precisely measuring the rates of these decays
and analyzing the distribution of their products, scientists can scrutinize the
possible CP-violating effects and determine the CKM matrix elements.

Experimental Techniques

Experimental studies of CP violation in S  J/psi Phi decays involve collecting and
analyzing vast amounts of data from particle collisions. Advanced detectors, such
as the LHCb detector at CERN, are used to capture and measure the properties
of the particles produced in these decays.

Scientists carefully reconstruct the decay chain and study the kinematic
properties of the final-state particles. They analyze the angular distributions,
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lifetime differences, and other observables to extract the relevant information
about CP violation.

Implications and Future Outlook

The quest to understand CP violation in S  J/psi Phi decays has broader
implications for the field of particle physics. If significant CP-violating effects are
observed, it would indicate the presence of new physics beyond the Standard
Model.

Further experiments and improved measurements will help to pin down the exact
values of the CKM matrix elements and shed light on the origin of CP violation.
The sensitivity of future experiments, such as the upgrade to the LHCb detector,
will be crucial in unraveling this mystery.

CP violation in S  J/psi Phi decays holds great potential for deepening our
understanding of the fundamental forces and particles that constitute the
universe. By unraveling the mystery behind matter-antimatter asymmetry,
scientists have a chance to gain valuable insights into the origins and evolution of
our cosmos.

As research in this field progresses, we are on the brink of unveiling the secrets
that lie within the fascinating world of CP violation in S  J/psi Phi decays.
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This thesis reports on the final measurement of the flavor-mixing phase in decays
of strange-bottom mesons (B_s) into J/psi and phi mesons performed in high-
energy proton-antiproton collisions recorded by the Collider Experiment at
Fermilab. Interference occurs between direct decays and decays following virtual
particle-antiparticle transitions (B_s-antiB_s). The phase difference between
transition amplitudes (“mixing phase”) is observable and extremely sensitive to
contributions from non-standard-model particles or interactions that may be very
hard to detect otherwise – a fact that makes the precise measurement of the B_s
mixing phase one of the most important goals of particle physics. The results
presented include a precise determination of the mixing phase and a suite of
other important supplementary results. All measurements are among the most
precise available from a single experiment and provide significantly improved
constraints on the phenomenology of new particles and interactions.
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