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1.  Goals
2.  Some successes
3.  Some problems
4.  Designing an effective Hamiltonian



-need only a small set of parameters
-have wide predictive power
-have intrinsic criteria for limits of validity

Characteristics of good theories

From model to theory

Goals for HFB theory

-global applicability (but with cuts generated by internal criteria)
-quantitative assessment of performance



Two examples of successes

1. Charge Radii
2.  2+ excitations



Charge radii

Experimental data from  Angeli,  ADNDT 87 (2004)
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Performance on charge radius



Extensions of self-consistent mean-field theory for spectroscopy

Generator Coordinate Methods

Collective Hamiltonian
GOA

Discrete-basis Hill-Wheeler

Quasiparticle RPA
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 Excitation Energies

a)

The first excited 2+ state

over 2 orders of magnitudesEtheory = (1.12± 40%)× Eexp

Dispersion from  < log(E_t/E_x)>
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2+ Excitation energies

The CEA global survey, on the N=Z line

J-P. Delaroche, M. Girod, J. Libert, H. Goutte, S. Hilaire, S. Peru,  N. 
Pillet, and G.F. Bertsch, 
Phys. Rev. C 81  014303 (2010)
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Nature 469 68 (2011)





Problems with the standard functionals

1.   Smoothness

2.   Not reliably extendable



2-nucleon separation energies

Arcones and Martinez-Pinedo, Phys. Rev. 83 045809 (2011)



Hamiltonian vs Energy Functional  

We would like to have an effective Hamiltonian:

but we use up to now is an energy functional of the form:
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Skyrme:   v(2) is contact with up to two derivatives.

Gogny:  v(2) is a two-term Gaussian. 

Why the power 1/3 in the density-dependent term?
  --incompressibility
  --many-body theory of weakly interacting Fermi gas



Example of Pb-208



Scanned “What rho”



Consequences of the choices:

L.M. Robledo,  J.Phys. G 37 064020 (2010)



Induced 3-body interaction



The effective one-body Hamiltonian

“UNEDF0”  Phys. Rev. C 82 024313 (2010)



What should be in the next generation HFB theory?

1.  Replace energy density functional by an effective 
Hamiltonian.

2.  Get rid of contact interactions.

3. Allow maximum nonlocality consistent with 
computational feasibility.   Should one keep 
Galilean invariance?
    (+)  conservation laws
    (--)  tuning to nuclear matter




