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Quantum structure of the hyperfine and electroweak interactions  
in heavy finite Fermi systems: Parity non-conservation and chaos
Olga Yu. Khetseliusa)
a) Odessa State University – OSENU, Odessa, 65009, Ukraine  
During the past decades the nuclear and optical experiments to detect parity nonconservation (PNC) and hyperfine (hf) structure have progressed to the point where PNC amplitudes can be measured with accuracy on the level of a few percents in certain heavy isotopes and significantly worse in some nuclei (Mössbauer spectroscopy) [1-3]. Nowadays the PNC in the finite Fermi-systems has a potential to probe a new physics beyond the Standard Model. We systematically apply our combined nuclear (relativistic mean field approach) and relativistic many-body perturbation theory method [4,5a] to studying spin- independent and spin-dependent (SD) PNC effect in heavy systems. There are presented new data on the hyperfine structure constants and PNC amplitudes for a set of elements: 133Cs, 173Yb, 205Tl,223Fr, with account of the exchange- correlation, Breit, weak е-e interactions, radiative, nuclear (magnetic moment distribution, finite size, neutron  “skin”) corrections. The nuclear SD-PNC interactions due to nuclear anapole moment (ka contribution), Z-exchange interaction from nucleon axial-vector (AnVe) currents (k2), the combined hf and spin-independent Z exchange interaction from nucleon vector (VnAe) currents (khf) are studied. It has been performed a comparison of our data and results [1-3]. The parity violation in M1 transitions of the little energies in gamma-spectroscopy of nuclei is considered too.  We analyze s1/2(p)-d3/2(p) transition in 197Au (77keV) and give the compiled estimates for matrix elements of the ground and mixed transitions (in dependence on weak NN interaction parameters): i). with phenomenological interaction; ii). one-meson potential without account of neutral currents; iii). with account of neutral currents and one-pion potential strengthening) and their contributions to the photon circular polarization, which characterizes a weak NN interaction [5b]. In quantum many-body systems with dense spectra of excited states weak perturbation can be significantly enhanced. The PNC enhancement is studied too and new possibilities are examined. Using the PNC effects one can study quantum chaos in many –body systems, nuclear fission , distribution of neutrons in nuclei etc.
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