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OUTLINE

<+ Introduction

< Theory:
Relativistic mean field (RMF) model
Relativistic quasiparticle random phase approximation (RQRPA)
Quasiparticle time blocking approximation (QTBA)
Particle-vibration coupling (PVC) model
Mode-coupling model

< Applications:
Nuclear single-particle structure
Nuclear low-energy response

<+ Conclusions and outlook
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Relativistic mean field
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Coupling to vibrations

First order coupling:
self-energy diagram "“fish"
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Single-particle spectra of doubly-magic nuclei
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Nuclear response function

Bethe-Salpeter equation
is solved in The
particle-hole (1plh) basis:
all the job on complex

configurations is done by
intermediate summations.

NO huge matrices!
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Time blocking™

Problem:
‘Melting’ diagrams
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Giant Dipole Resonance within
Relativistic Quasiparticle Time Blocking Approximation

(RQTBA)*
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Pygmy dipole resonanse

in the mode coupling interpretation

Low-lying dipole strength in 116Sn
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Structure of the pygmy dipole resonance in 124Sn
(preliminary)

Experiment (J. Enders, D. Savran et al.)
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From "2q+phonon” to "2 phonons”

P. Schuck, Z. Phys. A 279, 31 (1976) & Mode Coupling Theory
V.I. Tselyaev, PRC 75, 024306 (2007) Time Blocking Approximation

Replacement of the uncorrelated propagator
inside the ® amplitude by QRPA response
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Nuclear response: R = A+ A (V + CI_)) R

Poles may appear at lower energies:

'2g+phonon’ response: 2 phonon response:
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Two-phonon effects in dipole spectra
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Neutron-rich nuclei:

heutron skin oscillations

'l;heor'y: RQTBA-Z
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Next-order RQTBA for 3p-3h configurations:
iterative procedure for multiphonon response

R = GG + GG [V + P(R(M)] R(n+1)
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Summary & Outlook

Present status:

Microscopic approaches based on the covariant DFT with consistent
treatment of many-body correlations by the parameter-free Green's function
techniques have been developed

2q+phonon and 2phonon coupling schemes have been studied within the same
framework

Giant resonances’ shapes, low-energy fraction of the pygmy dipole resonance

and two-phonon states in medium-mass and heavy spherical nuclei including
neutron-rich ones are reproduced well within the fully consistent scheme

Open problems & perspectives:

Static part: improvements in the RMF functional
in both ph- and pp-channels

Dznamic part: inclusion of the next orders
of many-body correlations, explicit single-particle continuum

Spatial symmetry: deformation
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