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-®-Motivation: to build a consistent and predictive approach to describe the entire
nuclear chart (ideally, an arbitrary strongly-correlated many-body system),
numerically executable and useful for applications.

-®-Challenges: the nuclear hierarchy problem, complexity of NN-interaction.

-&Accurate non-perturbative solutions: Relativistic Nuclear Field Theory (RNFT).
Emerged as a synthesis of Landau-Migdal Fermi-liquid theory, Copenhagen-Milano
NFT and Quantum Hadrodynamics (QHD); now put in the context of a systematic
equation of motion (EOM) formalism and linked to ab-initio interactions.

-&-n-body correlation functions: complete characteristics of strongly-coupled many-
body systems. Define all dynamical and geometrical properties of nuclear and
condensed matter systems, quantum chemistry, various QFT’s.

-® Nuclear 2-body correlation functions = observable nuclear response to major neutral
and charge-exchange probes: giant EM resonances, Gamow-Teller, spin dipole etc.
(neutron capture, gamma and beta decays, pair transfer, ...). New: 3p3h correlated
configurations have been included up to high excitation energies in medium-mass
nuclei.

-® Nuclear response at finite temperature: (correlated 2p2h) thermal RNFT for
transitions between nuclear excited states.

-& Conclusions and perspectives.
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Many-body Hamiltonian:
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contains the full solution of (*) including the dynamical term!
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P. Schuck and M. Tohyama:

Irreducible part of G4 is decomposed
into uncorrelated, singly-correlated and
doubly-correlated terms (approximation,
but very accurate):

G (54317, 5'4'31) = GO (54317 5'4'31) +
+ GO (54317 5'4'31) + G (54317 5'4/31)

(ii) Singly-correlated terms, up to phases (PVC, QVC, ...):
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(iii) Doubly-correlated terms, up to phases

(generalized QVC):
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Self-consistent closed system of equations are coupled in

< - ,, R(w) = R (w) + R"Y (w)W[R(w)|R(w)| EL. P Schuck,
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Neutral mesons . ®. TC p...: -+ The full many-body scheme has
SRRl M not been (yet) executed neither

for the bare meson-exchange

Q CD Q H D (ME) interaction nor for any

duu udd uud ddu other bare interaction.

-+ A good starting point - the use of

n effective ME interactions
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properties on the mean-field
n level (J. Walecka, M. Serot, ...,
p P. Ring) and to supplement the
many-body correlation theory
with proper subtraction
techniques (V. Tselyaev), in the
covariant framework.
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Giant dipole resonance (GDR) in stable nuclei
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The dynamical part of the interaction kernel (quasiparticle-vibration coupling) brings a significant overall
improvement to the description of both high-frequency and low-lying strengths.
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Extension:

n-th order correlated propagator:
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Giant Dipole Resonance in Ca isotopes

Pygmy Dipole Resonance in 6Ni
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-»- The new complex configurations 2q+2phonon 3 ' ' ' , ' ' ' ' '
included for the first time enforce fragmentation and ' -+ RQRPA:2q

. . . . 68, ;. --- RQTBA: 2q+phonon

spreading toward higher and lower energies, thus, | N1 — RQTBA 2+ 2phonon| |
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-»- Exp. Data: V.A. Erokhova et al., Bull. Rus. Acad.
Phys. 67, 1636 (2003) O. Wieland et al., Phys. Rev.
C 98, 064313;

-» RQTBAS3 demonstrates an overall systematic
improvement of the description of nuclear excited
states heading toward spectroscopic accuracy
without strong limitations on masses and excitation I
energies. 0
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-® New transitions due to the thermal unblocking effects

-#- More collective and non-collective modes contribute to the

PVC self-energy (~400 modes at T=5-6 MeV)

-® Broadening of the resulting GDR spectrum
-2 Development of the low-energy part => a feedback to GDR

-®-The spurious translation mode is properly decoupled as the

mean field is modified consistently

-& The role of the new terms in the ® amplitude increases with

temperature

-2A very little fragmentation of the low-energy peak

(cancellations in the ® amplitude, possibly due to the
absence of GSC/PVC)
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Evolition of the pygriy dipole”fesonance (PDR) at

Low-energy strength distribution in 68Nj
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Transition density for the low-energy peak in 68Ni, 100Sn
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-+ The low-energy peak (PDR) gains the strength from the
GDR with the temperature growth: EWSR ~ const

-+ The total width I ~ T2 (as in the Landau theory),; shape
fluctuations are missing for T~2-3 MeV

- The PDR develops a new type of collectivity originated from
the thermal unblocking

- The same happens with other low-lying modes (2+, 3-, ...)
=> strong PVC => “destruction” of the GDR at high
temperatures

E.L., H. Wibowo, Phys. Rev. Lett. 121, 082501 (2018).
H. Wibowo, E.L., arXiv:1810.01456, Phys. Rev. C (2019).
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Beta decay half-lives in a hot stellar environment
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-2 The thermally unblocked transitions enhance both the GTR and the
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Summary:

-2 Relativistic NFT offers a powerful framework for an accurate solution of the nuclear many-
body problem.

-®* The non-perturbative response theory based on QHD and including high-order correlations is
available now for a large class of nuclear excited states in even-even (and odd-odd nuclei).

-® The time blocking approximation to the nuclear response beyond RPA is generalized to finite
temperature and applied to neutral and charge-exchange response.
Current and future developments:

-®'An approach to nuclear response including both continuum and PVC at finite temperature, for
both neutral and charge-exchange excitations;

-®Inclusion of the superfluid pairing at T>0 to extend the application range (r-process);

-® Inclusion of 3p3h-configurations (ongoing for T=0);
-® Applications to neutron stars and other QFT cases;

-2 Toward an “ab initio” description: realization of the approach based on the bare relativistic
meson-exchange potential (CD-Bonn efc.).
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