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* Degrees of freedom Separation of the scales
relevant for a description of nuclear dynamics

at ~1-50 MeV excitation energies:
single-particle & collective (vibrational, rotational);
coupling: NO complete separation of the scales!
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I. Mean field or energy
density functional theory
(EDFT)

Covariant EDFT (P.Ring et al.)

The nuclear fields are obtained by coupling
the nucleons through the exchange of effective mesons
through an effective Lagrangian.
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Omega-meson: Rho-meson:

Sigma-meson:
short-range repulsive | | isovector field

attractive scalar field

E[R] (7-9 parameters)

Self-consistent
Extensions

IT. ,,Correla‘rions“: Quasiparticle-vibration
Coupling and NpNh correlations derived SC

by field theory technique

(Nuclear field theory, ext. Landau-Migdal theory)
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Bethe-Salpeter j

Equation (BSE): R - + _)(\ R + W R
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Time blocki Xi ionh = #Separation of the integrations in the BSE kernel
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Response to an externalfleld!'strdngth functien'
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e Giant-Dipole Resonance ¥ | R

within Relativistic Quasiparticle Time:Rlocking Approximation (RQTBA)*
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Electric dipole excitations in stable nuclei

cross section [mb]
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Dipole strength in neutron-rich Sn:
Coulomb dissociation data & RQTBA calculations

8 ® Experiment*
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- Sn (A. Klimkewicz)
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Dipole strength in Sn isotopes
E.L. etal, PRC 79, 054312 (2009)
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Dipole strength in Sn isotopes
E.L. etal, PRC 79, 054312 (2009)
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Dipole excitations in neutron-rich Ni isotopes
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Low-lying quadrupole spectra in ®8Ni — 78N

Strongly fragmented

single-quasiparticle

states are observed
in 5°Ni

Coupling
to phonons should
strongly modify the g.s.
as compared
to RHB (RH-BCS)

. %

No substraction
of ‘2g+phonon’
static contribution
in RQTBA phonons

Extension of the model:

E1l calculations with
‘dressed’ (RQTBA)
phonon vertices
are needed
(in progress)
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E.L., P.Ring, and V. Tselyaev, Phys. Rv. C 78, 014312 (2008)

Low-lying dipole strength in 116Sn
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2 Is_ospiur»s*’rruc‘ruré of the pyg?f}q‘di p@}g.,—_ﬁésbﬁance in

Expemmen‘r (J Endr'es D Savran, A. leges et al.) Theory: RQTBA
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from “2q+phonon: £6-{ 2.photions .

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

- m56(mN 4 (1) m78(n) Replacement of the uncorrelated
(I)12,34(W ) = - V12 Agg (W = 0w ) (V34 ropagator inside the ® amplitude
; propag P
5678,1m,m by QRPA response

Nuclear response: R=A+A (V + @ - q_)o) R

Poles may appear at lower energies:

'2q+phonon’ response: I ‘2 phonon' response:
q)iji'j’(w) ~ 2k aijkp/(w =E=lEe=0) (Diji'j'(w) Sy aiji'j'/(w gt 0 e Qp)
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Absorption cross section in 1*°Ba

Present (v, ) data
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_ gRadiative neu‘rron eap‘rure m.;r e Hauserl:ashbach mo éi*\i

standard Lorentziang<afid microscopic structure
E.L.,HP. Loens, K. Langanke, et al. Nucl. Phys. A 823, 26 (2009).
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(n Y stellar Cgm:*l oﬁ‘m’rgs

E. L., HP. Loens, K. Langanke, et al. Nucl. Phys. A 823, 26 (2009).
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Quenching of S™ due to ph+phonon configurations



“*FSovector spm monop
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.Proton-Neutron” relativistic time blocking approximation: p, w, phonons
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5000 T | T T T T T T P — Z 0_(3)7_:(;)
— T'=2MeV 208 : i

— T'=4MeV Pb

4000 -

Fig & calculation
by T. Marketin
(TU-Darmstadt)

3000

2000

AL=0

BIVSM) [fm */MeV]

AT =1

1000 | +++ ++—+ AS =1

0 10 20 30 40 50 60



20l | -0 N 90 0 1. —
o , P Zr(p,n) "'Nb 7| ------- RRPA
ol | Yo AV AL=A=0,1,2
I — Sum h \ L] l| 1 ——— RTBA AT — 1

—or AS =1
= |
—
E o .
P Neutron skin

T, 20 30 % | 50
E [MeV]
Sum rule:
20+ 1 .
ot = I (N (), - Z(%))
47T ]

T. Marketin, E.L., D. Vretenar, P. Ring, PLB 706, 477 (2012).

thickness

See talk of
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for more details



slow-lying difiole’strength:
= Continuum QRPA af fmn#e#%ﬁwpem‘rure revisited®
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*E.L. et al., Phys. At. Nucl. 66, 558 (2003)



L~  Finite-,femperatiive” CEDE !

Maximum entropy principle Finite-temperature CEDF E[p] =
0N =0: = Thermal Relativistic Mean Field (TRMF)
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I X oo G5
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3
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FG = Fermi gas: T =[ (E-8)/a ]'2
T. Rauscher, Astrophys. J. Suppl. Ser. 147,403 (2003).



aﬁﬁmu?é tethperature
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- Nuclear' reS’ponse

Density matrix variation:
SR(x:w, T) = dRY (2w, T) +

—|—/d:z:'d:z:"A(:z:,x’;wjT)F(:E’,x”)éR(:c";ng)

Thermal .mean-field + pairing" propagator in the continuum :
E.L. et al., Phys. Atomic Nuclei 66, 558 (2003)

A(x, 25w, T) Z% )2 ()3 (2")pi(a) —Glz 1)Gsy(e+w,T)

Thermally averaged

Im(D'"6R(E, +iA,T))
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‘Enhancement at lowest energies;
-Superfluid phase transition
*Violation of Brink hypothesis - ?

M. Guttormsen et al., PRC 71, 044307 (2005)
M. Wiedeking et al., PRL 108, 162503 (2012):

H E; = 3MeV ¢ Guttormsen et al. [13]

A E;=4MeV === Quadratic fit to [13]
O E;=5MeV »
A E;= 6MeV

® E;=7MeV

f(E,) (arb. units)
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Consequences for (n,y) reaction rates - ?
‘For electric dipole polarizability (EDP) - ???

‘For EDP - neutron skin correlation - ??




QTBA Calculations with Skyrme functional



HFB from
J. Dobaczewski

300

Self-consistent]

calculations within the extended theory
of finite Fermi systems \

& Instinet fiir Kernpliysik, Forschungszenteum Jiilich, 52425 Jitlich, Germany

A. Avdeenkov **, F. Griimmer*®, S. Kamerdzhiev ", S. Krewald®, N. Lyutorovich *<, J. Speth ¢+ + QTBA fr'om

EL., V. Tselyaev,

P fustitute of Phvsics and Power Engineering, 249020 Obninsk, Russia PRC 75 054 3 18 (2007)
!

© Instinute of Physies, St Petersburg University, Russia
4 fnstitute of Nuclear Physics, PAN, PL-31-342 Cracow, Poland

PLB 653, 196 (2007)
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FIG. 2: E1 photo absorption cross section for '*?Sn calculated
within the present theory with different Skyrme forces. The
smearing parameter is A = 0.2 MeV. The dotted line are the
data of ref. [33].
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FIG. 1. (Color online) Isoscalar giant monopole resonance in the
even-A 271248 jsotopes calculated within QRPA (dashed line) and
QTBA (solid line). The results are obtained within the self-consistent
HF+BCS approach based on the TS5 Skyrme force. The smearing
parameter A is equal to 500 keV. Experimental data (solid squares)
are taken from Ref. [18].
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