Prospects for the application of ab initio methods in nuclear spectroscopy, studies of clustering effects, decays and reactions
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It seems obvious that, despite a long successful history of research, data on the spectroscopic characteristics of light nuclei are incomplete. Moreover, the results of spectroscopic measurements are not always in good agreement, sometimes they contain hidden or even obvious contradictions. To the greatest extent, this applies to the characteristics of proton, neutron, alpha and other cluster decay channels of states of light nuclei – partial decay widths (PDWs) and asymptotic normalization coefficients (ANCs), data on which are extracted from the results of measuring the cross sections of nuclear reactions. Modern ab initio approaches provide significantly richer. So, the author’s experience shows, these approaches are even promising for refining the energy spectra of nuclei – they confirm the existence of in fact all reliably measured levels and predict the presence (but not precise position) of many unknown ones.
No Core Shell Model (NCSM) is one of the most advanced and convenient approaches to describing the properties of light nuclei. It can be used to obtain considerable evidence on their properties, including charge and material radius, electromagnetic moments, etc.
The NCSM-based Cluster Channel Orthogonal Function Method (CCOFM), developed by the authors, proved to be a power tool for obtaining PDWs and ANCs of almost all physically interesting binary decay channels of great variety of resonance states. 
This talk demonstrates methods for obtaining various spectroscopic characteristics, the logic for constructing predictions of their values ​​based on both experimental and calculated (“hybrid”) data, as well as a scheme for “hybrid” calculations the cross sections of resonance and direct nuclear reactions. A number of examples of successful description of such reactions are presented, as well as striking results of NCSM calculations of Coulomb and isospin characteristics of isobaric analog states of light nuclei.


