
Nuclear Physics input from EDF

• Energy density functionals (EDF) try to provide a unified and microscopic 
picture of the structure of the atomic nucleus. 

• Key observables for Nuclear Astrophysics that are out of reach from future 
experiments can be obtained from EDF’s. 

• Masses 
• Half-lives 
• Reaction Rates 
• Fission 
• … 

• Current EDFs must be improved to be used reliably in astrophysical 
simulations: 

• Include beyond-mean-field effects and relevant degrees of freedom. 
• Precise description of odd nuclei. 
• Establish EDFs in more ‘ab-initio’ grounds. 
• Estimation of theoretical error bars. 
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FIG. 10. (Color online) Difference between the experimental to-
tal energies (taken from Ref. [11]) and (a),(b) HFB; (c),(d) PN-VAP;
(e),(f) PNAMP; (g),(h) GCM total energies calculated with the
Gogny D1S (left column) and D1M (right column) parametrizations.
Lines connect isotopic chains starting from Z = 10. Black, red,
blue, magenta, and green lines represent isotopic chains with Z =
x0, x2, x4, x6, and x8, where x = 1,2, . . ., etc. Dashed vertical lines
mark the neutron magic numbers 20, 28, 50, 82, and 126.

different MF and BMF approaches. More quantitative results
are written in Table II for the D1S and D1M parametrizations.

Starting from the oldest parametrization, i.e., D1S, we
notice first its poor performance in describing experimental
masses. In none of the many-body approaches studied here,
the rms deviation is less than 2.6 MeV. This is explained by
three major drawbacks of this parametrization (see left column
of Fig. 10). The first one is the presence of residual shell

TABLE II. rms comparison between theoretical calculations and
experimental data for total energies and two-neutron and two-proton
separation energies. All energies are in MeV.

D1S E S2n S2p

HFB 3.53 0.98 1.15
PN-VAP 2.62 1.10 1.11
PNAMP 3.75 0.98 1.00
GCM 4.45 0.95 1.00

D1M E S2n S2p

HFB 5.29 0.89 0.99
PN-VAP 3.14 1.03 0.96
PNAMP 1.79 0.89 0.86
GCM 2.17 0.85 0.87

effects. In all of the approaches, peaks at the neutron magic
numbers N = 50, 82, and 126 are observed. As it discussed
above, BMF energy gains are smaller in the shell closure
nuclei [see Fig. 6(g)]. Therefore, these peaks are reduced
when BMF effects are taken into account but the reduction is
clearly insufficient to bring the theory closer to the experiment.
The second drawback is the systematic drift towards less
bound systems in nuclei with increasing neutron excess. The
origin of the problem is in the symmetry energy provided
by Gogny D1S. This parametrization does not reproduce the
correct curvature in the neutron matter equation of state given
by ab initio approaches [22], producing a lack of binding
energy in neutron-rich nuclei. Again, BMF effects do not
change this trend. Nevertheless, the spread in light nuclei (from
N = 10–40) found at the MF and PN-VAP approximations
[Fig. 10(a)] is significantly reduced when PNAMP and GCM
are taken into account [Figs. 10(e)–10(g)]. The third drawback
is the way in which the parameters of the interaction were
obtained. Hence, the parameters of the oldest realizations of
the Gogny interaction were fitted to reproduce experimental
data with the HFB method but leaving some room for eventual
BMF effects [45]. However, some overbinding is still obtained
with respect to the experimental values. The evolution of the
rms values given in the second column of Table II reflects also
this effect, obtaining for the most sophisticated many-body
method used in this work a rms deviation of 4.45 MeV (for
598 masses).

The D1M parametrization [9] was built to correct these
shortcomings of the D1S by performing a fit to a large
set of experimental masses using the 5DCH method [27] to
include BMF effects. That led to a rms deviation from data of
∼0.798 MeV (for 2149 masses). Except for the inclusion of tri-
axiality and the lack of quantum number projections, the 5DCH
method can be considered as a GOA of the method used in this
work [35]. Let us analyze now the performance of D1M in
combination with the present axial SCCM method which does
not assume such a GOA approximation. In the right column
of Fig. 10 the difference between experimental and theoretical
masses obtained with the D1M parametrization are shown.
Here we observe that the drift and, partially, the overbinding
found with the D1S parametrization are corrected. However,
as stated in Ref. [9], strong shell effects are still present and
the theoretical results that overestimate the binding energies
around the magic neutron numbers, particularly at N = 50,
82, and 126. This behavior is not corrected by including BMF
correlations of the kind studied in this work. Nevertheless, the
addition of correlations improves the agreement with data with
respect to the MF results. Because the D1M parameters were
fitted taking already into account BMF effects, the results at
the HFB level are underbound with respect to the experimental
values [Fig. 10(b)]. A very large rms deviation is obtained
for this approach and a much smaller deviation is obtained
for the rest (see Table II). However, the correlation energies
attained by the GCM are larger than the ones provided by the
5DCH, as discussed above. This produces an excess of total
energy also with this parametrization when the axial shape
mixing with quantum number projection is taken into account
[Fig. 10(h)]. The rms value for the GCM approach with the
D1M parametrization is 2.17 (for 598 masses).
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Mean-field

Beyond-
Mean-Field

• Different parametrizations 
give completely different 
results. 

• Differences between 
experimental and theoretical 
masses are reduced when 
correlations beyond-mean-
field are taken into account. 

• However, the differences are 
not completely washed-out 
with the most sophisticated 
method (strong shell effects).


