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•Intruder States in fp shell
Shell Model - DFT
Time-odd terms
T=0 pairing?

•Microscopic Leptodermous Expansion
Robustness of LDM
What can we learn about LEDF?

Witold Nazarewicz (UT/ORNL)
DFT Workshop, INT 2005

Selectivity and Amplification!!!



Theory roadmap



Ab Initio

What are the missing pieces?

Shell Model

Density Functional Theory

isovector terms
pairing
continuum

N-Z
angular momentum
density and temperature



Towards the Universal Nuclear Energy Density Functional

  

! 

"
0

r 
r ( ) = "

0

r 
r ,

r 
r ( ) = "

r 
r #$;

r 
r #$( )

#$

% isoscalar (T=0)  density

! 

"
0

= "n + "p( )

  

! 

"
1

r 
r ( ) = "

1

r 
r ,

r 
r ( ) = "

r 
r #$;

r 
r #$( )

#$

% $ isovector (T=1)  density

! 

"
1

= "n # "p( )

  

! 

v 
s 
1

r 
r ( ) = "

r 
r #$;

r 
r # '$( )

## '$

% ## '# $ isovector spin density
  

! 

v 
s 
0

r 
r ( ) = "

r 
r #$;

r 
r # '$( )

## '$

% ## '# isoscalar spin density

  

! 

r 
j T

r 
r ( ) =

i

2

r 
" '#

r 
" ( )$T

r 
r ,

r 
r '( ) r 

r '=
r 
r 

  

! 

t 
J 

T

r 
r ( ) =

i

2

r 
" '#

r 
" ( ) $ v 

s 
T

r 
r ,

r 
r '( ) r 

r '=
r 
r 

  

! 

"
T

r 
r ( ) =

r 
# $

r 
# '%

T

r 
r ,

r 
r '( ) r 

r '=
r 
r 

  

! 

r 
T 

T

r 
r ( ) =

r 
" #

r 
" '

r 
s 

T

r 
r ,

r 
r '( ) r 

r '=
r 
r 

current density

spin-current tensor density

kinetic density

kinetic spin density
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Local densities
and currents

+ pairing…

Example: Skyrme
Functional

Construction of the functional:
E. Perlinska et al.
Phys. Rev. C 69, 014316 (2004)

Local is good!



sdfp-shell nuclei: SM-DFT interface

E. Caurier et al., Phys. Rev. Lett. 75, 2466 (1995)

48Cr



Intruder states in the sdpf nuclei
G. Stoitcheva, W. Satula, WN, D.J. Dean…
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deformed
structures

45Sc
P. Bednarczyk et al., Acta Phys. Pol. B32, 747 (2001)

intruder
states



Competition between and

M. Lach et al., E. Phys. J. A 25, 1 (2005)

Surprisingly strong
B(E2)’s !!!



Zdunczuk, Satula, Wyss,  Phys.Rev. C71 (2005) 024305

•Excellent examples of single-particle configurations
•Weak configuration mixing
•Spin polarization!
•Experimental data available



J. Dobaczewski and J. Dudek, Phys. Rev. C52, 1827 (1995)
M. Bender et al., Phys. Rev. C65, 054322 (2002).

very poorly determined Can be adjusted to the Landau parameters

•Important for all I>0 states (including low-spin states in odd-A
and odd-odd nuclei)

•Impact beta decay
•Influence mass filters (including odd-even mass difference)
•Limited experimental data available







Zdunczuk et al., Phys.Rev. C71 (2005) 024305

different behavior
for N=Z and N>Z
nuclei



reduced by 5% STD

“RMF”



spdf space
1p-1h cross-shell





Coulomb correction: depends on Spin-Orbit term

Brandolini et al., PRC66, 021302 (2002)



•Consistency between SM and SHF
•Odd-T terms important
•Difference between N=Z and N≠Z

T=0 pairing?



From Finite Nuclei to the Nuclear Liquid Drop 
Leptodermous Expansion Based on the Self-consistent Theory

P.G. Reinhard, M. Bender, W.N., T. Vertse

The parameters of the nuclear liquid drop model, such as the volume, surface, symmetry, and curvature
constants, as well as bulk radii, are extracted from the non-relativistic and relativistic energy density
functionals used in microscopic calculations for finite nuclei. The microscopic liquid drop energy,
obtained self-consistently for a large sample of finite, spherical nuclei, has been  expanded in terms of
powers of A-1/3 (or inverse nuclear radius) and the isospin excess (or neutron-to-proton asymmetry). In
order  to perform a reliable extrapolation in the inverse radius, the calculations have been carried out
for nuclei with huge numbers of nucleons, of the order of 106.
     The limitations of applying the leptodermous expansion for finite nuclei are discussed. While the
leading  terms in the macroscopic energy expansion can be extracted very precisely, the higher-
order, isospin-dependent terms are prone to large uncertainties due to finite-size effects.

From HF
or RMF

Shell correction estimated using
the Green’s function method



Liquid-Drop Expansion 

O(0) O(1) O(2)

Droplet Model Expansion 
Myers, Swiatecki 1974
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residual
shell effects
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residual
shell effects

Macroscopic Droplet Model Radii

around 1fm



LDM and Droplet Model Coefficients



“Microscopic” LDM with Coulomb term
close (5%) to SHF energies

E/A

See Bertsch et al.  PRC71, 054311 (2005) for the fitting strategy



… discussed by Michael Bender

drip lines



THE END


