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Figure 1: Neutron density distribution (in terms of deviations from equilibrium
values) and ncutron current density distribution soon after a dipolar perturbation
along z-axis.
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Figure 2: Neutron density distribution (in terms of deviations from equilibrium val-
ues) and neutron current density distribution after a quarter of period of oscillation.
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Figure 3: Neutron density distribution {in terms of deviations from equilibrium
values) and neutron current density distribution after around half of period of oscil-

lation.
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Figure 4: Neutron density distribution {in terms of deviations from equilibrinm
values) and neutron current density distribution after around three quarters of period

of oscillation.
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Figure 5: The time evolution of neutron density (in terms of deviations from equi-
librium values).
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Figure 6: The strength function obtained from Vlasov transport model for 1*2Sn by
considering three parameterizations od asy-EOS.

symmetry term increases rapidly around saturation density being characterized by
a value of the slope parameter L = 96.6MeV . The integration of the transport
equations is based on a new numerical approach originating from the test-particle
(or pseudo-particle) method, which will be presented elswere. The method is able
to reproduce accurately the equation of state of nuclear matter and provide reliable
results regarding the propertics of nuclear surface [16].

The dynamics based on the Vlasov transport model represents the semi-classical
limit of Time-Dependent Hartree-Fock (TDHF) and, for small-oscillations, of the
RPA equations. While the model is unable to account for effects associated with
the shell structure is suitable to describe robust quantum modes, of zero-sound type
in nuclear systems. In Figures 1-4 we represent the neutron density distribution
(in terms of deviation from equilibrium values) at four instants following a dipolar
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Figure 7: Mass number dependence of PDR centroid predicted by Vlasov transport
model. The maroon squares are experimental data.

excitation along z-axis.The time evolution of the same quantity along a radial distri-
bution is represented in Figure 5. This results demonstrate the vibrational character
of the dipole response which is associated to GDR. However the calculated strength
function unveil the existence of an additional mode with an energy centroid below
the peak of GDR, see Figure 6 for the ¥2Sn case, corresponding to the three asy-
EOS introduce previously, which we associate with PDR. A sistematic study show
that the position of PDR centroid follows a parameterization Eppp = 404 1/ 3, see
Figure 7.

3 A schematic model with generalized separable resid-
ual interaction

For the E1 excitations, the separable ansatz for the residual interaction A;; =
Viw hpt = Voh hpr — Vpie ph, by neglecting the exchange term, is A;; = A\ Dpn Dy,

where Dy, = (ph|D|0) = (p|d|h) = Q; are the paltlcle-hole matrix elements of

single-particle terms associated to dipole operator D= { A EL 1Ti— N 27 11 )
and i refers to a p — h pair. For excitations along z-axis D is the one-body dipole
operator D = > PDuaga, = Z8 (% Y < Pl > ajay — < nlzin’ >
a, a, ). The self-consistency requirement between the vibrating potential and the
induced density variations for the dipolar field, fixes the coupling constant A; to

Ai(po) = A‘) %/g%(’%“ with R = 1.2AY/3, proportional to the potential symmetry

energy bgym) (po) at saturation density, py = 0.16fm 3 [3, 17].

The reason for an extended separable interaction is related to the fact that the po-
tential symmetry energy decreases with density, and therefore a smaller value for the
coupling constant of the particle-hole interaction is expected at the lower densities
of the nucleus. Because a fraction of the nucleons is localised in a less dense surface
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Figure 8: GDR energies as a function of parameters of the residual interaction.

region, we relax the condition of a unique coupling constant for all particle-hole in-
teractions. We assume that only for a subsystem of particle-hole pairs, i.e.,1, 7 < i,
at the saturation density, the interaction is given by A;; = Ai(po)@Q:i@Q;, while for
the subsystem at lower density pe, i.e.,4,7 > i., the interaction is characterised by a
weaker strength A;; = Ag(pc)QiQ;. Iti<i.and j>i.ori>i.andj<i,. ie., for
the coupling between the two subsystems, within a region of intermediate density,
we consider A;; = Ag(pi)QTjQ;. The values of Ao and A3 will reflect the behaviour of
symmetry energy below normal density and therefore Aj(pg) > A2(pi) > Az(pe).

In the Random Phase Approximation (RPA) the amplitudes which appear in
the excitation operator:

. .
QH,(;/)JI = Z X;(J?a;fan. + Y;U(:J ay, ap, (3-1)
p.h

and which obey the normalization conditions } |X;n) |2 - |Yj(n) |? = 1 are obtained
from the RPA equations

X"+ 3 (4 X" + By ™) = E.x[", (3.2)
J
&Y + 3 (B X" + ALY) = —E. Y™, (3.3)
j

with B;; = I?},T,rhhr. The amplitudes Y; are a measure of ground state correlations
and by setting all Y; = 0 we recover the TDA equations. For separable particle-hole
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Figure 9: PDR energies as a function of parameters of the residual interaction.

interactions 4;; = AQiQ} and Bj; = AQ;Q; we get the dispersion relation:

26|27 1
yrzled 1 (3.4)
- EZ—e A
By considering the extended separable interactions described above, in the degener-
ate case, € = €, the nontrivial solutions for amplitudes are obtained if:

(B2 — )2 — 2e(Ma+ M3B8)(E% — ) + 42 (M A3 — XD)ap = 0. (3.5)

We employ the EWSR associated with the isovector dipolar field corresponding

h NZ
to the unperturbed case: m; = hwgla + 8) = LT. The values for o and 3

are related to the number of protons (Z;) and neutrons (N,.) which belong to core,
(A. = N, + Z.) and the number of neutrons considered in excess, i.e. nucleons at
much lower density (NN ), respectively. The approach that includes extended separa-
ble interactions predicts the appearance of two dipolar non-trivial states, which we
associated with PDR and GDR, that share all E1 EWSR, thereby manifesting spe-
cific collective features both in a TDA and RPA treatments [17]. We show in Figures
8 and 9 the predictions of the model for the energies of the two modes as a function
of the values of the parameters of separable interaction and notice a nice agreeemt
with experimental data and the predictions based on Vlasov equation. As expected,
in the limiting case when all coupling constants return to the value associated to
saturation density, as in the original Brown-Bolsterli model. In this situation EWSR,
exhausted by the PDR state goes to zero, suggesting that the density dependence of
symmetry energy is influencing the appearence of a collective response helow GDR.
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