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-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 in this work
-apply theory globally (but with cuts generated by internal criteria)
-quantitative assessment of performance
-for theorists: report weaknesses as well as strengths
-for experimenters: predictions to be tested



The Hamiltonian  

We would like to have an effective Hamiltonian:

but all we actually have to work with is an energy functional:

Example of Pb-208
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Self-consistent Mean-Field Theory

See the textbook   (Ring and Schuck, 1980).



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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Mapped collective Hamiltonian method
Gogny D1S interaction:  CPC 63 (1991), 13 parameters  

The CEA/DAM global survey of even-even spectroscopy

Computed spectroscopic observables for 1712 nuclei:
  -yrast energies up to J=6
  -excited 0+, first and second yrare J=2
  -B(E2) values for many of the transitions
  -E0 matrix elements
  -deformations, including triaxiality



 0.1

 1

 0.1  1

T
h

eo
re

ti
ca

l 
 (

M
eV

)

Experimental  (MeV)

2
+
 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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Transition strengths

B(E2)theory = (1.20± 45%)×B(E2)exp



An indicator of deformation:  R_42

R42(theory)
R42(exp.)

= 1.03± 0.15



Predictive power  for deformed nuclei

Etheory = (1.00± 11%)× Eexp

B(E2)theory = (1.10± 14%)×B(E2)exp

95 nuclei

59 nuclei



Charge radii

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



“Mutually enhanced magicity” See  Lunney, et al. RMP 75 (2003)

Bender, et al.  PRL 94 (2005)



r-Process nucleosynthesis

Arcones and Martinez-Pinedo, PRC 83
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The CEA/DAM global survey, on the N=Z line
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Computed spectroscopic observables for 1712 nuclei:
  -yrast energies up to J=6
  -excited 0+, first and second yrare J=2
  -B(E2) values for many of the transitions
  -E0 matrix elements
  -deformations, including triaxiality

The CEA/DAM global survey (HFB/GCM/5DCH)

PRC 81, 014303 (2010)





Sum rule

S =
�
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The fraction of the sum rule in the lowest excitation is  ~10%.
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FIG. 1: Two-neutron separation energies for isotonic chains. We compare results obtained from three calculations (i) spherical
mean field. (ii) deformed mean field (iii) J = 0 projected axial quadrupole GCM with the experiment.
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FIG. 2: Two-proton separation energies for isotonic chains.
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