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Constraining the Nuclear Energy Density Functional by Low-Energy
QCD ♦

P. Finelli, N. Kaiser, D. Vretenar, and W. Weise

A relativistic nuclear energy density functional

E0[ρ] = Efree[ρ] +EH[ρ] +Ecoul[ρ] +Eπ [ρ] (1)

has been developed, guided by two important features that
establish connections with chiral dynamics and the symme-
try breaking pattern of low-energy QCD:

1. large scalar and vector mean fields (with opposite
sign) related to in-medium changes of QCD vac-
uum condensates [1], determining the Hartree en-
ergy functional EH[ρ];

2. long- and intermediate-range interactions generated
by one-and two-pion exchange and derived from in-
medium chiral perturbation theory [2], with explicit
inclusion of ∆(1232) excitations, determining the ex-
change correlation energy functional Eπ[ρ].

We have constructed a point-coupling model with den-
sity dependent interaction terms, in which the single terms
of (1) reads [3]
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Ecoul[ρ] =

∫

d3r A0e
1 + τ3

2
ρ . (5)

The overall structure of E0[ρ] is reminiscent of what is
commonly introduced for relativistic atomic systems in a
DFT approach [4]. Eπ plays the role of the exchange cor-
relation term Eexc and EH is the nuclear counterpart of
the Hartree term.

This approach has been tested in the analysis of ground-
state observables of spherical and deformed nuclei. In
Fig. 1 we show recent results of an extensive study of
ground-state properties of deformed isotope chains with
60 ≤ Z ≤ 80, calculated in the Relativistic Hartree-
Bogoliubov approximation [5].
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Fig. 1: The deviations (in percent) of the calculated binding energies
and the predictions for the ground-state quadrupole deformations of
the Nd, Sm, Gd, Dy, Er, Y b, Hf , W , and Os isotopes.

The agreement with experimental data is very good over
a wide range of isotopic chains and it demonstrates the
validity of our basic assumptions. Study of collective exci-
tations is in progress.
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