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Abstract. Accurate nuclear data is a key factor in determining the suitability and reliability
of many theoretical nuclear models and large-scale calculations. One of the main ingredients
of these calculations is how nuclei respond to an electromagnetic field. The excitation of the
isovector giant dipole resonance (GDR) is of particular importance in both nuclear structure
studies as well as being the main mode of interaction of ultra-high-energy cosmic rays with
the extra-galactic medium. This study investigates the photoabsorption cross section in the
region of the GDR in 24Mg through the use of proton inelastic scattering and the equivalent
virtual photon method. The K600 spectrometer at the iThemba LABS facility was used to
obtain high resolution, low background 24Mg(p,p’)24Mg* inelastic scattering data. The virtual
photon absorption method is described and the result of applying the method is presented and
compared to a previous real photon absorption cross section.

1. Introduction
The field of nuclear astrophysics provides numerous instances where precise experimental data
is crucial to replicate and describe physical systems accurately. One notable example is the
simulation of ultra-high-energy cosmic rays (UHECR) and their propagation. These cosmic rays
possess energies significant enough to Lorentz boost the cosmic microwave background, resulting
in photodisintegration [1]. Simulating this phenomenon necessitates input from numerous nuclei
with masses below A=56. Acquiring all the required quantities for each nucleus is experimentally
impractical, however, certain nuclei hold greater significance than others for validating nuclear
structure and reaction models. A multitude of E1 gamma transitions occur through the isovector
giant dipole resonance (IVGDR), serving as a strong indicator of the reaction mechanism
responsible for modifying the energy and mass composition of UHECR during their propagation.
This project focuses on extracting the total photoabsorption cross section within the energy
range of the IVGDR for a key nucleus in this calculation: 24Mg. This extraction is accomplished
through relativistic Coulomb excitation of the IVGDR in 24Mg utilizing the virtual photon
absorption technique.

2. Method
The K600 magnetic spectrometer, located at iThemba LABS, is one of only two facilities
worldwide capable of providing high-resolution, low-background spectra specifically designed
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Figure 1. The experimental double differential cross section for 24Mg(p,p’) at 200 MeV showing
the contributions of E2 and E0.

for 0◦ measurements at medium energies [2]. The separated sector cyclotron (SCC) is employed
to accelerate protons up to 200 MeV, which are then directed towards the 24Mg target. To
separate the unreacted beam from the inelastically scattered particles, the QDD magnetic
spectrometer is utilized. The scattered protons are detected in the focal-plane detectors of
the K600, which consist of two scintillator detectors and two multi-wire drift chambers. During
the measurements, the spectrometer operated in its high-dispersion mode, and the aperture of
the experiment encompassed scattering angles ranging from 0◦ to 2◦.

3. Virtual Photons
The utilization of 200 MeV protons with a scattering angle of 0◦ highly favors the excitation
of the IVGDR through Coulomb interaction. This choice is advantageous because it minimizes
the interference between the nuclear and Coulomb interactions, thereby eliminating the task of
disentangling various contributions to the spectrum. One approach employed to calculate the
Coulomb excitation of the nucleus is the virtual-photon production method, which reformulates
the electromagnetic interaction between the projectile and the target as a spectrum of virtual
photons that are absorbed by the target. The computation of virtual photon production was
carried out using a code provided by Carlos Bertulani. Tthe equivalent photoabsorption cross
section can be extracted from the double-differential cross section obtained in inelastic (p,p’)
scattering. Protons serve as a non-selective probe in terms of parity and spin. Hence, it becomes
necessary to eliminate the contributions from other multipoles present in the spectrum before
applying this method. To accomplish this a DWBA calculation was employed in conjunction
with the extracted strengths obtained from a 24Mg(α,α’)24Mg* experiment. The effectiveness
of this method has been demonstrated through examples studied at RCNP and iThemba.[4].

4. Results
The double differential cross section shown in Fig:1 is calculated using the following formula:

d2σ

dΩdσ
=

1027 ·Nc

N0 · ρ ·D ·∆Ω ·∆E · ϵtot
(1)
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Figure 2. The virtual photon method is shown to accurately reproduce the spectrum obtained
from real photon absorption.

and the total photoabsorption cross section, σπλ
γ , is calculated from the differential cross

section, d2σ
dΩdσ , using the number of E1 virtual photons per steradian, dNE1

dΩ :

d2σ

dΩdEγ
=

1

Eγ

dNE1σ
πλ
γ

dΩ
(Eγ). (2)

The virtual photon absorption cross section from Eq. 2 reproduced the results obtained by real
photon scattering quite effectively in the region of the IVGDR as seen in Fig.2 [5]. However, it is
important to note that there remains a component of quasi-free background scattering as well as
an unaccounted M1 contribution. Estimating these contributions accurately proves challenging
without higher excitation energy and angle data..
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