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Abstract
Preliminary results on the elastic scattering channel of the

70
Zn (15 MeV/nucleon) +

64
Ni reaction, stud-

ied with the MAGNEX large-acceptance spectrometer at INFN-LNS, are presented. This work is part of

an extended effort to investigate reaction mechanisms in the Fermi energy regime, following previous

analyses of momentum-per-nucleon distributions, angular distributions, and production cross sections of

multinucleon transfer channels. Attention is here focused on elastic scattering of medium mass heavy

ions and its sensitivity to the parameters of the nuclear equation of state (EOS).

Experimental angular distributions were compared with Constrained Molecular Dynamics (CoMD) model

calculations performed under different assumptions of nuclear matter compressibility (K = 200, 254, 308

MeV). The results indicate sensitivity of the elastic scattering differential cross sections to the compress-

ibility of the nuclear EOS. Optical model calculations are also planned to complement the microscopic

approach and provide complementary insight in the EOS.

Keywords: Large Acceptance Spectrometer; Neutron-Rich Isotopes; Multinucleon Transfer; Elastic Scattering

1. Introduction

The study of nuclei away from the valley of 𝛽-stability remains a central focus of nuclear physics, as

it provides key insights into the effective nuclear interaction and astrophysical processes such as the

rapid neutron-capture (r-) process [1–4]. Multinucleon transfer and deep-inelastic reactions near and

above the Coulomb barrier, constitute an important tool for producing exotic neutron-rich projectile-

like fragments (PLF) [5, 6]. These reactions, typically governed by sequential nucleon exchange,
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represent an important framework for investigating nuclear structure and reaction dynamics.

This work extends earlier analyses performed in the 15-25 MeV/nucleon region [7, 8], where a sys-

tematic approach to identifying and characterizing projectile-like fragments (PLF) using the MAG-

NEX large-acceptance spectrometer at INFN–LNS was established. Previous analyses focused on

momentum per nucleon (p/A) distributions, angular distributions and production cross sections of

various multinucleon transfer channels [9–13].

The present study focuses on elastic scattering, which offers a complementary probe of the nuclear

potential and the nuclear matter equation of state (EOS). At intermediate energies, elastic scattering

angular distributions at forward angles are dominated by the Coulomb interaction and follow the

Rutherford prediction. At larger angles, however, nuclear effects emerge and interfere with the

Coulomb potential, leading to deviations from the Rutherford form. These deviations can reveal

properties of the nuclear potential such as range, surface diffuseness, and are sensitive to bulk nuclear

matter properties such as the compressibility parameter. Similar approaches have been followed

by other groups to explore the sensitivity of elastic scattering observables to the nuclear EOS and

potential characteristics [14–18].

To investigate this sensitivity, experimental elastic-scattering angular distributions for the
70
Zn (15

MeV/nucleon) +
64
Ni reaction were measured using the MAGNEX spectrometer and compared with

Constrained Molecular Dynamics (CoMD) [19] calculations performed with different assumptions

of the nuclear matter compressibility.

2. Overview of Data Reduction

The experimental data employed in this work were obtained with the MAGNEX spectrometer [20]

at Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Sud (INFN-LNS) in Catania, Italy.

The spectrometer’s magnetic structure consists of a vertically focusing quadrupole followed by a

horizontally dispersing and focusing dipole magnet, as well as a focal plane detector (FPD). The

observation window was defined by a horizontal angular acceptance of Δ𝜃 = 11
◦
(from 4

◦
to 15

◦
)

and vertical angular acceptance ofΔ𝜙 = 1.6◦ resulting in a solid angle coverage ofΔΩ = 5.4𝑚𝑠𝑟 [21].

Figure 1. Plot of the horizontal angle versus the horizontal position measured at the MAGNEX FPD for ejectiles from the
interaction of a 70Zn beam (15 MeV/nucleon) with a 64Ni target. This plot shows the totality of experimental data of ejectiles
distributed on all the FPD silicon detectors used for this experiment. Distinct concentrated regions (“stripes”) correspond
to elastically scattered ejectiles in the charge states 30+, 29+, 28+, from left to right respectively. These events were isolated
through dedicated data analysis to extract angular and p/A distributions.

In Fig. 1, a plot of the horizontal angle versus the horizontal position measured at the MAGNEX FPD



22 S. Koulouris et al.

for ejectiles from the interaction of a
70
Zn beam (15 MeV/nucleon) with a

64
Ni target is presented.

This plot shows the totality of experimental data of ejectiles distributed on all the FPD silicon de-

tectors used for this experiment. Distinct concentrated regions (“stripes”) correspond to elastically

scattered ejectiles in the charge states 30+, 29+, 28+, from left to right, respectively. These events

were isolated and then identified through dedicated data analysis as established and outlined in [11,

12] in order to extract angular and momentum per nucleon distributions (p/A) [12, 13, 21].

These distributions, obtained through the systematic analysis of produced PLF, formed the basis for

a broader investigation into reaction mechanisms at the Fermi energy regime. This study marked a

step toward detailed exploration of peripheral reactions using high-resolution magnetic spectrome-

try. In the following section, we focus on the elastic scattering channel of the same reaction system,

to assess the sensitivity to the nuclear matter EOS through angular distribution analysis.

3. Results and Discussion

The elastic scattering angular distributions for the reaction
70
Zn (15 MeV/nucleon) +

64
Ni are shown

in Fig. 2, where the ratio of the experimental data to the Rutherford scattering cross section is pre-

sented as a function of the lab angle 𝜃𝑙𝑎𝑏 . The experimentally reconstructed 𝜃𝑙𝑎𝑏 had a resolution of

0.4 degrees (FWHM). This plot emphasizes the deviation from pure Coulomb behavior and provides

direct sensitivity to nuclear effects.
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Figure 2. Elastic Scattering Angular Distributions of 70Zn (15 MeV/nucleon) + 64Ni. Ratio of experimental data to Ruther-
ford cross section [closed (black circles) with solid lines], compared with CoMD calculations using three nuclear matter
compressibility (K) options: K200 (soft) [open (green circles) with dashed lines], K254 (standard) [open (red circles) with
dashed lines], and K308 (hard) [open (purple circles) with dashed lines]. The (yellow) dashed line indicates the grazing an-
gle (𝜃𝑔𝑟 = 6.5◦).

At very forward angles (𝜃𝑙𝑎𝑏 < 5
◦
), the cross section follows the Rutherford prediction. This region

is dominated by the Coulomb interaction and of course, shows negligible sensitivity to the EOS. In

the transition region (5
◦ ≤ 𝜃𝑙𝑎𝑏 ≤ 6

◦
), suppression of the ratio indicates destructive interference be-



HNPS Advances in Nuclear Physics 23

tween the Coulomb and nuclear amplitudes. This is the region where differences among the CoMD

calculations become visible. The soft (K=200 MeV) and the standard (K=254 MeV) compressibility

options reproduce the experimental trend more closely, whereas the hard EOS (K=308 MeV) under-

estimates the ratio. At larger angles (𝜃𝑙𝑎𝑏 > 6
◦
), the cross section exhibits a strong fall-off due to

nuclear absorption and flux loss to non-elastic channels. In this regime, the models begin to diverge:

softer EOS assumptions overshoot the data just before the drop, while the stiffer EOS appears less

absorptive. These differences reflect the nuclear density profiles and interaction ranges and their

connection to the EOS compressibility parameter.

Table 1. Angular Region Summary

Angular Range Dominant Effect Observations

𝜃𝑙𝑎𝑏 < 5
◦ Coulomb Dominated Cross section close to Rutherford; minimal nuclear interference

5
◦ ≤ 𝜃𝑙𝑎𝑏 ≤ 6

◦ Nuclear-Coulomb Interference Onset of nuclear effects; best described by soft EOS (K = 200 MeV)
𝜃𝑙𝑎𝑏 > 6

◦ Nuclear Dominated Rapid fall-off in cross section; sensitive to EOS

The present comparison (Fig. 2), as summarized also in Table 1, indicates that elastic scattering in the

energy regime below the Fermi energies (10-30 MeV/nucleon) provides a sensitive probe of nuclear

matter compressibility, particularly in the transition region around the grazing angle. Incorporating

optical model analyses alongside the microscopic CoMD framework will allow for complementary

constraints on the EOS and nuclear potential parameters.

4. Conclusions

The elastic scattering angular distributions offer a sensitive probe of the nuclear EOS through the

interplay of Coulomb and nuclear interactions. The overestimation of the cross section in the quasi-

elastic region and the underestimation in the absorptive region by CoMD calculations suggest that

further refinement of the model is necessary, particularly in the treatment of surface diffuseness.

Future comparisons with optical model calculations may provide complementary constraints and

help isolate the key physical ingredients governing elastic scattering in medium-mass heavy-ion

collisions.
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