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OUTLINE

“» Pygmy dipole resonance within relativistic many-body
methods

Microscopic models based on the covariant density functional:
- Relativistic mean field (RMF) model
- Self-consistent (parameter-free) many-body methods
beyond relativistic quasiparticle random phase approximation
(RQRPA)

Applications:
Nuclear low-energy response, neutron capture cross sections and
reaction rates

» Transitions between excited states:

Finite temperature continuum QRPA: origin of the lowest gamma-
strength and Brink hypothesis
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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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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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Calculations within the Relativistic

Quasiparticle Time Blocking Approximation
(RQTBA)
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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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Isospin properties of the pygmy dipole resonance in 124Sn

Experiment (J. Enders, D. Savran et al.)
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Dipole strength in neutron-rich nuclei
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RQTBA dipole transition densities in ¢8Ni at 10.3 MeV
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Neutron-rich nuclei:

heutron skin oscillations
Thgor'y*: RQTBA-2
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RQTBA systematics for PDR:

A proper definition of Pygmy Dipole Resonance is highly important!
PDR = all states with the “isoscalar” underlying structure!

Strength vs a?
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Radiative neutron capture in the Hauser-Feshbach model:
standard Lorentzians and microscopic input™®
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(n,y) stellar reaction rates™
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Is there a dependence of the gamma-strength
on the excitation energy ?



Temperature dependence of low-lying dipole strength:
Continuum QRPA at finite temperature revisited*
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How good the thermal mean field is ?

Temperature dependent covariant energy density functional E[p]
= Thermal Relativistic Mean Field (RMF)
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Dipole gamma-strength in 132Sn
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Dipole radiative strength in 298Pb
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Gamma-strength in ®4Mo
(preliminary)
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Summary & Outlook

Present status:

I. Recently developed microscopic approaches based on the covariant DFT
with consistent treatment of many-body correlations by the parameter-free
Green's function techniques have been applied to description of the nuclear
excited states

Giant resonances’ shapes, low-energy fraction of the pygmy dipole resonance
and two-phonon states in medium-mass and heavy spherical nuclei including
heutron-rich ones are reproduced well within the fully consistent scheme

The microscopic strength functions are used as an input for the (n,y) cross
sections and astrophysical reaction rates

IT. Thermal continuum QRPA is considered as a possible explanation of the finite
radiative dipole strength functions at lowest gamma-energies

Open problems & perspectives:

Improvements of the RMF forces, inclusion of the next orders
of many-body correlations

Combined approach: Consistent combination of T & IT

Comparison to data for radiative dipole strength
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