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Quantities calculated

Low-lying excitations:
2+
3-
Yrast levels
Charge radii
Separation energies
Pairing gaps
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Generalities

Characteristics of good theories

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

Goals in this work

-apply theory globally (but with exceptions...)
-quantitative assessment of performance
-predictions to be tested by FRIB and elsewhere




Performance Metric:

Mean error and rms deviation about the mean, on a logarithmic scale.
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Extensions of self-consistent mean-field theory for spectroscopy
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The CEA/DAM global survey (HFB/GCM/5DCH)
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Computed spectroscopic observables for 1712 nuclei:
-yrast energies up to |=6
-excited O+, first and second yrare |=2
-B(E2) values for many of the transitions
-EO0 matrix elements
-deformations, including triaxiality
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Theoretical (MeV)

Global assessment of accuracy: first excited J=2 state
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Metrics for global performance
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R; = log < “th ) 0. = ((R, — R,)%)V2.

Observable Number R o

E(2]) 513 10.11 0.35
B(E2;27 —07)| 311 0.20 0.42

Ris 480 0.03 0.14
Ry 427 0.08 0.21
E2]) 352 (0.19 0.30
E(0}) 317 10.31 0.36

(05 |72/07) 87 |21 1.9




The CEA/DAM global survey (HFB/GCM/5DCH), on the N=Z line

PRC 81, 014303 (2010)
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LETTER Nature 469 68 (201 1)

Evidence for a spin-aligned neutron-proton paired
phase from the level structure of **Pd
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Octupole Excitations

Robledo and Bertsch, arXiv:1107.358|

HFB + discrete basis Hill-Wheeler

Parity projection

Axially symmetric octupole excitations only.
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Examples of energy surfaces
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Excitation Energy (MeV)
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Charge radii

HFB

Relative Error

Relative Error

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].

Theory R o

HFB 0.001 0.006
HFB (new) 0.005 0.007
CHFB+5DCH 0.006 0.007

Finite surface 0.0000 0.012




Separation Energies




— deformed mean-field
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FIG. 2: Two-proton separation energies for isotonic chains.




Mutually enhanced magicity
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FIG. 2. Two-proton gaps, Eq. (3), for Pb and Sn isotopic
chains. Theoretical curves are the following: spherical mean
field (short dashed lines); mean field allowing for static defor-
mations (long dashed lines); present theory (solid lines).
Experimental values [1] are shown as diamonds.
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S,./2 (MeV)

S,./2 (MeV)

r-Process nucleosynthesis

Arcones and Martinez-Pinedo, PRC83
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Odd-even mass staggering

aka pairing gaps

(NN

rms residuals for 443 nuclei (MeV)

Theory | o projected

Constant (.31
c/A"  0.24
HFB 0.27 0.23
HF+BCS|0.28  0.24

Phenomenology is hard to beat!
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