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E(A)/A = -16MeV + Esurf/A1/3 + Epair + Eshell + Ecoul

+ [(N-Z)/A]2(a4 + Csym /A1/3)



      Agenda:

• Sketch of Density Functional Theory

• Pairing in the Continuum

• Dynamical Correlations and Fano-Resonances

• New Modes of Excitation: Pygmy Dipole States



E(N,Z)/A = -16MeV + Esurf/A1/3 + Epair + Eshell + Ecoul

+ [(N-Z)/A]2(a4 + Csym /A1/3)

…the Mass Formula: 
a functional of neutron number N and proton number Z
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The Nuclear Energy Density Functional 

Fermi-Liquid Theory
(A. Ataie, A. Fedoseew, Nadia Tsoneva H.L.)



The Giessen Program: ab initio Nuclear DFT:

• NN-Interaction in free space

•in-medium interactions by Dirac-Brueckner Theory

•adding 3-body interactions

•density dependent meson-nucleon vertex functionals 

•equation of state, nuclear binding energies, single particle 

spectra, excitations, reactions…
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2-body and 3-body Interactions in Nuclei

…two different worlds!



Fluctuating (Fractal?) Structure of the Neutron Dripline

Change of Energy-Scale:

Sstable~10MeV  Sexotic~100keV

<UMF>         <VNN>

Coupling to the Continuum!



Pairing Theory as Coupled Channels Problem: 
The Gorkov-Equations
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Spectrum of the Gorkov Equation:



Free Space SE (S=0,T=1) Interaction:
(Bonn-B Potential) 

Pairing is a LOW DENSITY Phenomenon

Pairing in Infinite Nuclear Matter 



The Pairing-Field in Finite Nuclei
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Pairing in the Continuum

S. Orrigo, H.L., PLB 677 (2009)



Pairing Resonances in Dripline Nuclei
9Li+n      10Li
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Continuum Spectroscopy: 10Li=9Li+n @ 2.36AMeV

Data: H. Jeppesen et al., REX-ISOLDE 
Collaboration, Nucl. Phys. A 738 (2004)
511 & Nucl. Phys. A 748 (2005) 374.



1n-Neutron Halo States:
Transition from Mean-Field to Correlation Dynamics

The s.p. shell model picture

The DCP picture: Binding by 
Virtual Continuum Coupling

H.L.,J. Prog.Part.Nucl. 561 (2004)



7Be(3/2-,0.0    ) p3/2: 71%
7Be(3/2-,0.0    ) p1/2: 13%
7Be(3/2-,0.0    ) f 7/2: 11%
7Be(3/2-,0.0    ) f 5/2:   5%
7Be(1/2-,0.420) p3/2: 15%

• Relativistic eikonal theory
• NN T-Matrix
• 3-body kinematics
• dynamical Correlations

Γ(the.): 75 MeV/c
Γ(exp.): 91 ±  5 MeV/c

σ(-1p,the.): 104 mb
σ(-1p,exp.): 98 ±  6 mb

Investigating the Structure of 8B by breakup reactions



open circles: exp. resolution

FRS@GSI: 24O Breakup at 920AMeV: 
24O a new doubly magic Nucleus (Z=8,N=16)

nS 3.61 0.27MeV= ±

FWHM 99 4MeV / cΓ = ±

bindE -169.9647MeV=



1/2+ Particle and Hole Strength Functions in 14C

Hole strength 
function

Particle strength 
function



Correlation Dynamics in an Open Quantum 
System: Fano-Resonances in 15C 

Γ~60…140keV

Sonja Orrigo, H.L., Phys.Lett. B633 (2006)



Sn Isotopes: 
DFT-HFB 
Results

(N. Tsoneva, HL, 
PRC77 (2008))



Electric Dipole Response of Exotic Nuclei

N. Tsoneva, H.L.



HFB g.s. and Multi-Phonon QRPA Theory:

The Multi-Configuration (multi-phonon) Wave Function



Electric Dipole Response in Sn-Isotopes



Relativistic Coulex@LAND

N. Tsoneva, H. Lenske,  PRC 77:024321 (2008)



Coulomb-driven 
proton skins & PDR!

PDR Response and Nuclear Skins in the Sn Isotopes: 
HFB g.s. and Multi-Phonon QRPA Theory

N. Tsoneva, H. Lenske,  PRC 77:024321 (2008)



Low Energy Dipole Response: Parity Assignment

PRL 104, 072501 (2010)



Summary and Outlook

•Exotic Nuclei as Open Quantum Systems

•Continuum Spectroscopy and Dynamical Correlations

•New Generic Modes of Exotic Nuclei – PDR, PQR…

•Challenges:

•Many-body Dynamics at extreme Isospin

•Nuclear Structure at weak Binding

•Reaction Theory for weakly Bound Systems 

Credits to: Nadia Tsoneva, Urnaa Badarch, A. Ataie, A. Fedoseew, 
P. Konrad, Anika Obermann, M. Strecker
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