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Ab Initio Study of Low-Energy Antiproton-Nucleus
Systems

Despite a century after the discovery of neutrons by E. Rutherford, few details are known for sure about this
particle. For example, neutron halos, prototypical examples of the quantum realm, were discovered a few
decades ago from indirect measurements. In an ambitious attempt, the PUMA experiment at CERN [1] will
use the antiproton’s unique property, i.e., the annihilation process’s sensitivity to the nuclear density’s tail,
to study the neutron/proton distribution asymmetry at the surface of the nuclei. To support the experimental
endeavor, we aim to provide theoretical guidance to answer the key questions of the experiment. To study
the antiproton’s annihilation as a probe for the nuclear surface, we rely on the high-fidelity ab initio reaction
method and Effective FieldTheory (EFT). To begin with, we will introduce various nucleon-antinucleon (NN̄ )
interactions in our nuclear reaction tools and develop the ability to compute low-energy antiprotonic atomic
states, the so-called quasi-bound states, and reaction cross-sections of light-nuclei antiprotonic systems. In
other words, we introduceNN̄ optical potentials into the No-Core Shell Model combined with the Resonating
Group Method (NCSM/RGM) [2] to study the sensitivity of the many-nucleon observable to NN̄ optical po-
tential models and EFT-derived potentials. This exploration will give important information on the properties
of theNN̄ system below the threshold and determine the current theoretical uncertainties. Furthermore, we
aim to compute annihilation properties of antiprotonic systems made from Helium to Oxygen stable isotopes
with the high-precision EFTs for the nuclear sector before the advent of experimental data. The overarching
goal is a unified description of nuclei and antiprotonic atoms within the theory used in both sectors.
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