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Density functional theory ‘
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Extensions: Covariance, Pairing correlations
Relativistic Hartree Bogoliubov (RHB)



Covariant density functional theory

NL3/D1S

Nucleons are coupled by exchange of mesons
through an effective Lagrangian (EFT)

(J=,T)=(0*,0) (J7,T)=(1-,0) (J=T)=(1-1)

S(r)=g,0(r) V(r)=g,0(r)+g,7p(r)+eA(r)
/ / \

Sigma-meson: Omega-meson: Rho-meson:
attractive scalar field short-range repulsive isovector field




Effective density dependence:

non-linear potential: NL1 NL3
Boguta and Bodmer, NPA. 431, 3408 (1977)
1 2 92 1 2 2 1 3 1 4
—Mmc® = U(o)=—mo"+-0,0°+—0.0

density dependent coupling constants:

R.Brockmann and H.Toki, PRL 68, 3408 (1992)
S.Typel and H.H.Wolter, NPA 656, 331 (1999)

9,,9..9,=9,(0),9,(0).9,(p)

g — a(p(r) DD-ME1,DD-ME2




Why again an new parameterization ?

standard RMF interactions
overestimate the neutron skins
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Parameterization of denstiy dependence

MICROSCOPIC: Dirac-Brueckner calculations

saturation density

14 L} ] W L} L I i
N 9.(p) ;
PHENOMENOLOGICAL: i L }
0L ]
5:() = o) i) @ W L
' L '1—|—bi($—|—di)2 18 . v y v Y v . T r ]
f’L(CC) — a4 1—|_Ci($—|_di)2 s - 16 \ gco(p) -
1= o,Ww EREN ]
12 F
10 L [ ] L M [
9p(p) = gp(psat) e @1 8 ————a— S
T = p/psat q Ch \ gp(p) 7
4T S ]
2 'l [ ] " '] M [
Typel and Wolter, NPA 656, 331 (1999) 0 0.05 0.1 0.15 0.2 0.25
Niksic, Vretenar, Finelli, Ring, PRC 66, 024306 (2002) p (fm")




Nuclear matter equation of state
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E(p,o) = E(p,0) + 5'2(/0)057
NTZ + Sa(p)a® + -+

52(10) = aq + fTO (P — Psat) -}
A K sat 2
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Symmetry energy | “

empirical values:
30 MeV <a, <34 MeV
2 MeV/fm3 < py < 4 MeV/fm3
-200 MeV < AK, < -50 MeV

Symmetry energy

0 005 01 015 02 025 03

p (fm™) Neutron matter EOS
DD-ME1 | NL3 | NL1
ag(MeV) 33.1 37.9 | 43.7
po(MeV/fm?3) 3.26 5.92| 7.0
AKq(MeV) -1285 |52.1167.3 0 0025 005 0075 0.1 %%
p. (fm”)




Ground state properties of finite nuclel
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rms-deviations: masses: Am = 900 keV
radii: Ar =0.015fm




Superheavy Elements: Q_-values
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Superheavy elements: Quadrupole deformations
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Isoscalar Giant Monopole
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IV-GDR In Sn-isotopes
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Spin-Isospin Resonances: IAR - GTR
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Isobaric Analog Resonance: IAR

N. Paar, T. Niksic, D. Vretenar, P.Ring, PRC. (2004) in print
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EGTR'EIAR (MeV)

Neutron skin and IAR/GRT
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The isotopic dependence of the energy
spacings between the GTR and IAS

direct information on the
evolution of the neutron skin
along the Sn isotopic chain
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Photoneutron Cross Sections for Unstable Neutron-Rich Oxygen Isotopes
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The dipele response of stable and unstable neutron-rich oxygen nuclei of masses A=17

(Received 19 December 2000)

to A=22

Has been investigated experimentally utilizing clectromagnetic excitation in heavy-ion collisions at beam
energies about 600 MeV/ nucleon. A kinematically complete measurement of the neutron decay channel
in inelastic scattering of the secondary beam projectiles from a Pb target was performed. Differential

electromagnetic excitation cross sections do/dE

were derived up to 30 MeV excita

tion energy. In

contrast to stable nuclei, the deduced dipole strength distribution appears to be strongly fragmented and
systematically exhibits a considerable fraction of low-lying strength.
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,olution of IV dipole

o . |"ength in Oxygen isotopes

Tul 2o RHB + RQRPA calculations with
S 02 he NL3 relativistic mean-field
lus D1S Gogny pairing interaction.
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IV Dipole Strength for 298Pb and transition densities for the peaks at 7.29 MeV

and 12.95 MeV
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In heavier nuclei low-lying dipole states appear that are characterized by
a more distributed structure of the RQRPA amplitude.

Among several single-particle transitions, a single collective dipole state is
found below 10 MeV and its amplitude represents a coherent superposition
of many neutron particle-hole configurations.
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Nature of Low-Energy Dipole Strength in Nuclei: The Case
of a Resonance at Particle Threshold in 2*Ph

N. Ryezayeva,' T. Hartmann,' Y. Kalmykov,' H. Lenske, P. von Neumann-Cosel,"* V. Yu. Ponomarev,"" A. Richter,"

Although

stable nuclei have been known for a long time [1], their
nature and systematic features remain under discussion.
Experimentally, these modes are typically found in the

vicinity of

varying widths and centroid energies. They are com-
monly termed pygmy dipole resonances (PDR) since their
cross sections are small comnared to the main nortion of

A. Shevchenko,' S. Volz,' and J. Wambach'
Ynstitut fiir Kernphysik, Technische Universitéit Darmstadt, D-64289 Darmstadt, Germany

Institut fiir Theoretische Physik, Universitiit Giessen, D-35392 Giessen, Germany
(Received 31 August 2002; published 18 December 2002)

A high-resolution (y, ¥') study of the electric dipole response in 208ph at the S-DALINAC reveals a
resonance structure centered around the neutron emission threshold. Microscopic quasiparticle phonon
model calculations in realistic model spaces including the coupling to complex configurations are able
to describe the data in great detail. The resonance is shown to result from surface density oscillations of
the neutron skin relative to an approximately isospin-saturated core. It also forms an integral part of a
toroidal E1 mode representing an example of vortex collective motion in nuclei.

DOI: 10.1103/PhysRevLet.89.272502 PACS numbers: 25.20.De, 21.60.Jz, 24.30.Cz, 27.80+w
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Isoscalar dipole compression -- toroidal modes

Isoscalar GMR in spherical nuclei -> nuclear matter compression modulus K
Giant isoscalar dipole oscillations -> additional information on the nuclear

incompressibility.
QT 0= Z —1 70 (T —nr) Ylu(efmﬂoz)

ISGDR strength distributions
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Toroidal motion
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Conclusions:

Density dependence in the p channel

- most of results as NL3

- better equation of state

- better symmetry energy

- on the way to a mass-formula
- superheavy elements

- GMR: 250 <K< 270
-GDR: 32<J<34
- spin-isospin modes: -> neutron skin
- new exotic modes:
* pygmy resonances
* toroidal resonances



RMF models with
density-dependent meson-nucleon
couplings
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