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Abstract. We revisit the resonant break-up of 19C on protons at intermediate energies. In this reaction, it was
found, for the first time in a halo nucleus to our knowledge, that the cross section was largely dominated by
the excitation of the core. In this contribution, we study the robustness of this conclusion against the choice of
different optical potentials for the core.

1 Introduction

Halo nuclei have been an important field of Nuclear
Physics since its discovery, thanks in part to the dawn of
radioactive beam facilities. Halo nuclei appear close to the
neutron and proton driplines where one or two valence nu-
cleons are so barely bound that they orbit far around the
rest of nucleons that conforms a compact core. Valence
nucleons wavefunction, therefore, extends far away from
the core forming the matter halo that name these nuclei.
Following this picture, halo nuclei are often treated within
two- or three-body valence-core models, considering an
inert core. Such picture breaks down in regions of the nu-
clear chart very far away from the stability valley which
are nowadays being explored thanks to the advances in ex-
isting radioactive beam facilities. The cores of such halo
nuclei will present very low excitation energies for their
first excited states. Therefore, it will be also very easy to
excite the core along any reaction.

Including internal degrees of freedom of the core in
a few-body reaction formalism has been a tremendous
challenge. Most few-body models have been recently ex-
tended to include the effect of core excitations, such as a
non-recoil extension of the Distorted Waves Born Approx-
imation (NR-DWBA) [1, 2], the Extended Continuum-
Discretized Coupled-Channels (XCDCC) [3, 4], and the
extension of the Faddeev/AGS equations [5]. Alongside
these developments, there has been a revival of structure
models which enable the incorporation of such excitations
in a simple way to allow its inclusion in reaction calcula-
tions. That is the case of the particle-rotor and particle-
vibrator models [6, 7]. In particular, the particle-rotor
model has been successfully applied to 11Be [8–10], a
benchmark for the case of halo nuclei. These models in-
corporate certain free parameters which are adjusted to re-
produce the available information of the halo nucleus or
that of the nucleus corresponding to its core. However,
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especially with newly discovered halo nuclei, it is usual
to have very little experimental information to constrain
such parameters. It is also possible that the structure of
the core goes beyond the picture of a rotor or a vibrator.
For those cases, a semi-microscopic folding model based
on core transition densities was introduced in [11]. The
model succeeded to reproduce the main features of the
low-lying spectrum of 11Be and, more importantly, of the
less known halo nucleus 19C. In both cases, the transition
densities for the respective cores were obtained with the
Antisymmetrized Molecular Dynamics (AMD) method.

This model, named particle-AMD model, was also
successful in the reproduction of the resonant breakup of
19C [12] by analyzing the 19C(p,p′) experimental data by
Satou et al. [13]. In [12], 19C resonant breakup was found
to be the first case of a halo nuclei where the break up is
not governed by the excitation of the valence neutron but,
on the contrary, by the excitation of the core.

In the present contribution, we revisit the case of
19C(p,p′) resonant breakup and discuss the robustness of
such conclusion in detail with respect to the influence of
the different optical potentials involved in the reaction cal-
culation. The manuscript is structured as follows. In
Sec. 2, we summarize the main features of the particle-
AMD (PAMD) structure model. In Sec. 3, we discuss how
the optical potentials enter into an XCDCC calculation.
Finally, in Sec. 4 we show the different results obtain for
different core-target potentials and we discuss on Sec. 5
the role of core excitations and its robustness against the
core-target interaction.

2 Structure model

We discuss the structure of the halo nucleus in terms of
a two-body core + valence-particle model where we will
include the possibility of a non-inert core. Thus, a general
wavefunction for the nucleus will include different eigen-
states of the core, ΦIMI (ξ), being I the angular momentum,
MI its projection, and ξ the degrees of freedom of the core.
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If such wavefunction has total angular momentum J and
projection M we can express it as:

ΨJM (⃗r, ξ) =
∑
α

[
φα (⃗r) ⊗ ΦI(ξ)

]
JM , (1)

where the functions φα (⃗r) describe the relative motion be-
tween the valence particle and the core, being r⃗ the relative
distance between the two. The index α, so-called channel,
denotes the set of quantum numbers {l, s, j, I}, with l, s,
and j being the orbital angular momentum, the intrinsic
spin of the valence particle, and their sum ( j⃗ = l⃗ + s⃗),
respectively. Such a sum in α will cover all possible chan-
nels consistent with the total angular momentum (J⃗ = j⃗+I⃗)
and parity. Each channel will have a specific weight in
each state of the nucleus. This weight can be regarded as
a unit-normalized spectroscopic factor.

To obtain the eigenstates of the nucleus, we need a
Hamiltonian for the system that includes a model for the
internal Hamiltonian of the core hc(ξ) and the interaction
between the core and the valence-particle Vvc(⃗r, ξ). In the
weak-coupling limit we can assume:

Hproj = T (⃗r) + hcore(ξ) + Vvc (⃗r, ξ). (2)

It is important to remark that the interaction Vvc(⃗r, ξ) is the
only term that connects the inner degrees of freedom of
the core and the motion of the valence particle, thus be-
ing the main responsible for the coupling of the different
channels, determining the relative weights in the different
eigenstates of the hamiltonian. We will follow two differ-
ent models for such interaction: the particle-rotor model
(PRM) [7] and the semi-microscopic particle-AMD model
(PAMD) [11].

For the calculation of the eigenstates of the system,
we employ the Pseudo-state method, in which the model
hamiltonian is diagonalized in a THO basis [14]. This ba-
sis is constructed by applying an analytical Local Scale
Transformation (LST) [15] to the Harmonic Oscillator
(HO). Such LST is meant to change the Gaussian asymp-
totic behavior of HO into an exponential one, more appro-
priate to tackle potentials that vanish asymptotically like a
Woods-Saxon.

3 Reaction model

The remaining ingredients are the optical potentials be-
tween the fragments and the target:

Vproj−T = VvT (R⃗vT ) + VcT (R⃗cT , ξ). (3)

Both potentials are usually taken from global parameteri-
zations where one evaluates the potential at the energy per
nucleon of the incident projectile. Withing the XCDCC
framework, the interaction enters into the reaction calcu-
lation through the coupling potentials:〈

Ψ
f
J′M′

∣∣∣∣VvT (R⃗vT ) + VcT (R⃗cT , ξ)
∣∣∣∣Ψi

JM

〉
. (4)

It can be seen that the only place in the interaction with
the target that includes any information on the core excita-
tion is VcT that depends on the internal degrees of freedom

of the core ξ. In other words, by neglecting this depen-
dence one will exclude the effect of the excitation of the
core along the reaction. These effects are usually called
dynamic effects of the core. If dynamic effects are ne-
glected, the effect of the core will still be present through
the weights of the different components in the projectile
wavefunction,ΨJM (⃗r, ξ). This other effect is usually called
static effect.

4 Results

We analyze the resonant break of 19C on protons at 70
MeV/nucleon measured at RIKEN by Satou et al. [13].
The resonance considered here appears as a prominent
peak in the energy distribution of the breakup cross sec-
tion at Ex = 1.46 ± 0.10 MeV that was assigned spin and
parity 5/2+ in [13]. In [12] it was found a good agreement
of the angular distribution of such resonance with the first
5/2+ resonance in the PAMD model and an unexpected
dominance of dynamic core excitations on that break-up.
We will start by analyzing within the XCDCC framework
if the latter conclusion is robust against a change in the
core-target potential. To do so, the other optical potential,
the valence-target potential, which corresponds to the n-p
potential in this case, remains the same: a simple Gaus-
sian potential from Refs. [1, 16], whose parameters were
adjusted to reproduce a Faddeev calculation of the breakup
of 11Be+p with the more realistic p-n CD-Bonn potential.

We repeat the XCDCC calculations with two different
core-target potentials. For the two choices we start from
a spherical potential, namely, the Watson global param-
eterization [17] and the CH89 potential [18]. These two
potentials are then deformed with the deformation length
δ obtained from the analysis of the AMD transition den-
sities of 18C [11]. In Fig. 1, we compare the angular dis-
tributions of the resonant break-up obtained with both po-
tentials with the original one published in [12], where a
folding potential obtained from the JLM nucleon-nucleon
interaction [19] and the AMD transition densities for 18C
was used [20]. It can be seen that the three potentials pro-
vide a very similar cross section, both in shape and magni-
tude. Recalling that the shape of the angular distribution is
determined by the coherent sum of core and valence con-
tribution, one can infer that the relative weight of both con-
tributions is similar in the three cases.

5 Conclusions

We have analyzed the resonant break-up of 19C on protons
at 70 MeV/nucleon with emphasis in the relative impor-
tance of the core excitation mechanism and its dependence
on the underlying core-target interaction. For that, have
performed XCDCC calculations for the break-up to the
first 5/2+ resonance described in the PAMD model. Three
different prescriptions have been used for the core-target
potential to assess the influence of this ingredient on the
results, namely Watson, CH89 and a folding potential us-
ing the same AMD transition densities for 18C as in the
structure model.
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Figure 1. Angular distribution of the break-up cross section for
the first 5/2+ resonance calculated in XCDCC with three different
core-target potentials: Watson [17] (dashed red line), CH89 [18]
(dot-dashed blue line) and a folding potential from AMD transi-
tion densities [11] (solid black line). The experimental data are
taken from Satou et al. [13]. All calculations are convoluted with
the experimental angular resolution.

All three calculations show a good agreement between
themselves and are consistent with the experimental data,
both in magnitude and shape. The best reproduction of the
data is still found for the original folding potential used
in [12]. The choice of the global parameterization by Wat-
son is slightly below the experimental data but shows a
very good agreement with the shape of the distribution.

Considering that the same valence-target potential is
used for the three calculations and that its contribution was
already found negligible in [12], in the three calculations
the main mechanism that can explain the amount of break-
up is the dynamic excitation of the core. This proves that
such an extra break-up is not an effect of an inadequate
choice of the optical potential. The only remaining free
parameter is the deformation length of 18C which is taken
from the AMD transition densities. However, such de-
formation length is constrained by the quadrupole electric
properties of 18C which are well known and well repro-
duced by the AMD calculation. Therefore, it can be stated
that the conclusion that 19C resonant break-up is domi-
nated by dynamic excitations of the core is robust against
the choice of core-target optical potential.
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