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|. Goals

2. Some successes

3. Some problems

4. Designing an effective Hamiltonian




From model to theory

Characteristics of good theories

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

Goals for HFB theory

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




Two examples of successes

|. Charge Radii
2. 2+ excitations




Charge radii

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

TABLE II. Comparison of calculated charge radii with experi-
ment: € is the mean of € [see Eq. (18)]; o is its rms dispersion about
the average. Three hundred thirteen nuclear radii were included in
the comparison as in Fig. 6. In the column “HFB (new)” we use the
modern value r, = 0.875 fm for the proton charge radius [48].
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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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The first excited 2+ state
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The CEA global survey, on the N=Z line

2+ Excitation energies
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Problems with the standard functionals

|. Smoothness

2. Not reliably extendable




2-nucleon separation energies
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Arcones and Martinez-Pinedo, Phys. Rev. 83 045809 (201 I)




Hamiltonian vs Energy Functional

We would like to have an effective Hamiltonian:
H — tCLTCL —|— U(2)CLTCLTCLCL —|— U(S)CLTCLTCLTCLCLCL

but we use up to now is an energy functional of the form:

H=ta'a+v?(r— T’)aiai,awar + t3p(r) 303 alala,a,

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

208Pb energy

Ska  DIS

Kinetic

Coulomb direct/exchange
Spin-orbit

Central 2B

ts

Total

3863 3920
831/-31 832/-31
97 -105
-12480 -12783
6274 6530
-1640 -1637
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Consequences of the choices:

L M Robledo
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L.M. Robledo, J.Phys. G 37 064020 (2010)
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The effective one-body Hamiltonian

TABLE VIIIL. The same as Table VII, except for the UNEDFO.

==

Par.

X

95% CI

%oflnt. o

pe
E™/A

0.160526
—16.0559

[0.160,0.161]

[—16.146,—15.965]

10 0.001
45 0.055

K™ 230 - - -
a™M 30.5429 [25.513,35.573] 126 3.058
LM 45.0804  [-20.766,110.927) 219  40.037
1/M* 0.9 - -
Cy™  —55.2606  [—58.051,—52.470] 1.697
Cr%  —55.6226  [—149.309,38.064] 56.965
. Vi —170.374  [—173.836,—166.913] 2.105
0 e VP —199.202  [—204.713,—193.692] 3.351
0 02040608 1 12141618 2 C{;VJ —79.5308 [—85.160,—73.901] 3.423

k/ky: cit 456302 [—2.821,94.081] 29.460

00 ~1 N b B Wb e

O

S~
b = O

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




What should be in the next generation HFB theory?

|. 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
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