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Abstract. Based on the dipole response of neutron-rich nuclear systems obtained
within a transport model which relies on two coupled Vlasov equations for protons and
neutrons, respectively, we determine the contribution to polarizability of the pygmy
dipole mode. We employ two different density parameterizations of the symmetry
energy and investigate the effect of isospin and mass on the pygmy contribution to
polarizability.
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1. INTRODUCTION

In the last decade a growing interest to investigate the dipolar dynamics of
atomic nuclei was related to the experimental observations which concern an en-
hanced E1 response below the well known Giant Dipole Resonance (GDR) and as-
cribed to the Pygmy Dipole Resonance (PDR) (see Refs. [1-3] for recent overviews
of experimental information).

An appropriate understanding of the features of this mode is important in con-
nection to the density dependence of the symmetry energy and the properties of ex-
otic nuclei, including the neutron skin or the development of new collective motions,
and has direct implications in astrophysics. Despite the theoretical and computa-
tional efforts, however, there is no consensus on the nature of this resonance, some
of the models supporting a collective mode, while other indicating a non-collective
structure which is related to the neutron excitation within the outer skin of the core.
A systematic experimental investigation on the properties of the pygmy dipole reso-
nance on a wide set of nuclear masses and/or isospin is therefore strongly demanding.

The Extreme Light Infrastructure — Nuclear Physics (ELI-NP, see Ref. [4—
6]), currently built within the premises of the Horia Hulubei National Institute for
Physics and Nuclear Engineering (IFIN-HH) [7], is a possible infrastructure where
such systematic studies can be carried out. The first proposals for experiments are
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summarized in the ELI-NP White Book [8], while the Day I experiments can be
found in Ref. [9].

In this article we report preliminary results on the contribution to polarizabil-
ity of the pygmy dipole mode using a transport model based on two coupled Vlasov
equations [10], one for protons and one for neutrons, and two different density pa-
rameterizations of the symmetry energy. In Section 2 we discuss the relation between
the static polarizability and the symmetry energy in a simple approach, while in Sec-
tion 3 we present the numerical results concerning the dipolar response, in particular
pygmy dipole resonance and the associated contribution to polarizability, derived
within a microscopic transport model. In the last section we gather our concluding
remarks.

2. STATIC POLARIZABILITY AND THE ROLE OF SYMMETRY ENERGY

The static polarizability of the nucleus, as a response function, is obtained as
the ratio of the induced dipole moment to the electric field intensity that induces the
polarization. Let D be the dipole operator, Ej the energy of the ground state |0), and
E,, the energies of the excited states |n), all being the eigenstates of the unperturbed
nuclear Hamiltonian. Under the static perturbation Vp = eED determined by the
weak external uniform field £, the perturbed ground state becomes:
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Then, to the first order approximation, the polarizability is given by:
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Let us notice that since the response of a nucleus under an external E1 perturbation
is contained in the excitation strength function

=D _(nlDI0)*8(E — (En — Eo)), 3)
n>0
the dipole polarizability can be expressed as:

ap = 262 /Ooo S(EE)dE. 4)

This is a particularly useful quantity to additionally constrain the properties of the
symmetry energy, specifically its nuclear density dependence, i.e.,

e _Bam _Erlp) Clp) p
sy A 3 2 po

)



3 The pygmy dipole contribution to polarizability: isospin and mass-dependence  Article no. 301

with p = p,, + p,. This quantity defines the isospin dependence of the total energy
per particle, i.e.,
E

E Es m
(D) =7 (p.T=0)+ = (p)I". (6)

Already in a simple approach, based on two fluids picture, Migdal has shown [11, 12]
that the polarizability depends on the value of symmetry energy at saturation. Indeed,
if we consider a constant electric field applied along the z-axis we can express the
induced dipole moment as

D(t) = %X(t) = % <;/zppd3r ]t,/and?’r) : (7

Assuming that the total density remains constant one can easily show that the contri-
bution to the energy due to the variations in the density of protons and neutrons, in
the presence of the applied electric field, is
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Fig. 1 — The strength function S(E) for 132gn.

SE, = (;e / 25p3d3r> £, (8)

where p3 = p, — pn, and dp3 = dp, — 0 py,. For this variation of isovector density dp3
we obtain an additional contribution to the total energy from the symmetry energy,
namely

SE, = 2 / (6ps)* dPr. ©)
Po

Minimizing the total energy, i.e., d Eror = § F1 4+ 0 E, with respect to dps, i.e.,
0(8Eot) /0 (0psym) = 0, we get a linear dependence of Jp3 on z, namely dp3 =
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e€ po/4€sym. Then the polarizability is given by

ef 3
S Jz0psdPr 5] zac e

= = Sym 10
which, together with R = 1.24'/3, provides an A%/ mass dependence
24 2A 24 3 2(1.2)% A5/3
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The transport model described briefly in the next section provides the expected mass
dependence of the polarizability and also shows that the polarizability does not de-
pend only on the value of the symmetry energy at saturation, but is also influenced by
the density dependence of the symmetry energy [13]. Here by considering the chain
of tin isotopes 108:116,124,132,140,148Gy \ve focus on the isospin dependence of ap as
well as on the pygmy dipolar resonance contribution to the polarizability defined as
OépDR:2€2/ @dﬂ (12)
ppr
We expect that the ratio f, = appr/ap will manifest a greater sensitivity to the
features of the pygmy dipole resonance than the fraction f,,, = m,/m associated
with the energy-weighted-sum-rule my, = | pprS(E)EdE due to the appearance
of the energy in the denominator in equation (12).

3. NUMERICAL RESULTS

In order to estimate semi-classically the strength function, we employ a method
described in Ref. [14] which provides the dipole response by integrating the Vlasov
equations given by

8 T\ % ,t
f((;tp)+TI:L‘vrfT(r’p’t)_vl‘U(r)'for(l‘,p,t):0, (13)

where 7 = {p,n}, after the instantaneous perturbation V,,; = 18(t — to) D, with p
indicating protons and n neutrons. In these equations the self-consistent mean-field
contains an isoscalar part of the form U;s(p) = Ap/po + Bp”/po and an isovector
part of the form

pn
UZ' P —C T¢g+=——"". 14

Its numerical implementation, including the OpenMP parallelization, is described in
detail in Ref. [10]. The strength function derived in this approach for 32Sn is shown
in Fig. 3. The coefficients in the mean-field are taken to reproduce the known features
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Fig. 2 — (Color online) The dipole polarizability of the Sn isotopes mentioned in the text, as a function
of the square of the isospin for asysoft (the green circles) and asysuperstiff (the blue squares) EOSs. In
each case the dashed line corresponds to the linear fit.

of nuclear matter at saturation [15]. In Fig. 2 we report the isospin dependence of
the total dipole polarizability by considering two asy-EOS, asysoft and asysuperstiff
[16], while in Fig. 3 we plot the contribution to polarlizability from the pygmy dipole
region. We notice in both cases a linear dependence to the square of the isospin which
is an indication of the role of the neutron skin on this quantity. Moreover, the pygmy
contribution seems to go towards zero when the number of neutrons approaches the
number of protons.

35

25t -

3
ppg (M)

N
\
\
\
\

05t

Fig. 3 — (Color online) The contribution to dipole polarizability of the Sn isotopes mentioned in the
text due to the pygmy dipole resonance. The green circles correpond to the asysoft case while the blue
squares to the asysuperstiff. In both cases the dashed lines represents the linear fit.
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4. CONCLUSIONS

In this paper we discussed the isospin dependence of dipole polarizability and
the contribution of the pygmy dipole resonance to the polarizability considering a
semi-classical transport approach for two different density dependencies of the sym-
metry energy. We observe a linear dependence of the total dipole polarizability on the
square of the isospin. A similar trend is observed for the contribution of the pygmy
dipole resonance to this quantity. Since the neutron skin also depends quadratically
on isospin in our approach we conclude that there an interplay between the dyna-
mics of pygmy dipole resonance and the features of the neutron skin. The slope of
appr exhibits a clear dependence on the asy EOS which requires a more detailed
investigation.
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