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Symmetry Breaking and Quantum Phenomena
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—HM—BF  [The road to detecting large CP violation in B decays |

To describe our world correctly, the equation governing the quantum
mechanics requires a complex number. The ‘complex conjugate' of a particle

corresponds to an antiparticle. The problem, why we see (almost) only the



particles in the Universe, is related to CP violation. Because of its complex
nature, the amount of violation is parameterized by a phase, and the
Standard Model has the room for CP violation, as the analysis of Kobayashi
and Maskawa has suggested. We have precisely measured the CP violation
in K meson via interference experiments, and now the challenge is for B
meson sector, consisting of the second heaviest quark b. However, one
immediately meets a difficulty because B decays around the lifetime of B,
around picoseconds, is too short to observe. Oddone has suggested that if we
collide the B-meson beams asymmetric in energy, we can see B meson of
longer lifetime. KEKB was successful experiment to discover the large CP
violation of B decay to psi and K_s mesons. It proves the validity of KM
theory but quantitatively not sufficient to explain the baryon asymmetry of
the Universe. (Kang Sin Choti)
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David Wands [Cosmological Structure from Quantum Fluctuations

Edwin Hubble's remarkable discovery that our universe is expanding and
that distant galaxies move away from us at a speed proportional to their

distance allow us to build 3-dimensional maps of galaxies in our universe.



For instance, the Sloan Digital Sky Survey has mapped one million nearby
galaxies. One can look even further back in time by using the cosmic
microwave radiation that permeates outer space. This radiation has a black
body spectrum of temperature approximately 2.7K everywhere. However,
there are small fluctuations of one part in 100,000 which have been first
measured in 1994 by the Cosmic Background Explorer satellite and more
recently to a much better accuracy by the Wilkinson Microwave Anisotropy
Probe satellite. It is believed that these tiny primordial fluctuations were the
seeds for the large scale structure of the galaxy distribution that we observe
in the present universe. Prof. Wands explained that the primordial
fluctuations originated from quantum fluctuations during a period of
inflation driven by a self-interacting scalar field in the very early universe.
Inflation may also have produced a background of stochastic gravitational
waves. The recently launched Planck satellite, with its improved sensitivity,
might observe these gravitational waves as well as non-linear effects in the
primordial fluctuations. Prof. Wands concluded that we live in a golden era

for cosmological discovery! (Frederico Arroja)
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Andrew J. Schofield [Quantum Criticality and the Quest for New States of
Matter]

Drawing parallels with the search for emergence at ever higher energy
scales, Andrew Schofield from Birmingham spoke to us about studies of
quantum criticality and its universality at low energies. Phase transitions
exhibit universal behaviour, with the microscopic details merely selecting
which of several types of behaviour the system will exhibit. Bridging the
microscopics to the universal macroscopic behaviour can be a particular
challenge near quantum phase transitions.

Ordinary phase transitions are driven by thermal fluctuations and involve
a change between an ordered state and a less-ordered state. At zero
temperature, where thermal fluctuations cannot exist, a fundamentally new
type of transition, exhibiting new types of universality, is found -- quantum
criticality. The usual macroscopic approach, an order parameter describing
the ordering that occurs, cannot fully describe the system, in part because
entropy considerations require that one form of order be supplanted by
another.

Dr. Schofield proceeded to discuss some of the curious phases that have
been observed near quantum phase transitions, including a number of "dark
phases" which have some form of order that nobody has been able to identify.
Showing concepts sloshing back and forth between the condensed matter and
high energy physics communities, he offered some speculation on where we
might look for explanations of the mysteries of quantum criticality. (Darren
Peets)
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and non-linear phenomena |
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HEF i [Symmetry Breaking and Topological Quantum Phenomena in

Superconductors |
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HE #5F [Cold and dense QCD matter|

Antonino Flachi [Black Holes in the LHC era|

&M #=f8  [Universality of low-dimensional macroscopic motions within
high-dimensional conservative chaos --Hamiltonian systems and
two-dimensional turbulence |

HHE f#—B8  Nuclear shapes at subnuclear densities: analogy with polymer
system |

Markus Kriener [Superconducting Diamond - About superconductivity in
doped wide-gap semiconductors ]

K4 — A [High energetic ion beam generation with intense ultrashort laser

irradiation |
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fEIEME —  [Symmetry breaking in hot and dense QCD |
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Jose Fonseca [Exchange experiences abroad |
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ZH 1A [Short-range gravity experiment

BEWD A [Large N reduced models from modern viewpoints|

Z HEHY TSynchronization of Uncoupled Oscillators by Common Gamma Impulses,
From Phase Locking to Noise—induced Synchronization]

HE FI&F Novel diagrammatic method for computing transport coefficients]
i BiE  [Structural Analysis of Turbulence-like flow in Counter Optimal
Velocity Model |

K 1EHEY  [High-velosity collision of two black holes]

e K [Spectral function of a fermion coupled with a massive vector
boson at finite temperature]

L5 EES [Toward addressing and imaging of neutral atoms with wavelength
resolution]

Kiki Vierdayanti [X-ray spectral variability in the ultraluminous X-ray
source Holmberg IX X-1]
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