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Muonic atoms reveal the structure of deformed
nuclei
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The study of exotic atoms, such as muonic hydrogen-like ions [1-3], provides an intriguing way to probe the
internal structure of their atomic nuclei. In this work, we use nuclear structure simulations to accurately calcu-
late the hyperfine splitting of muonic hydrogen-like ions, focusing in particular on the incorporation of finite
volume corrections, such as Bohr-Weisskopf and Breit-Rosenthal, due to the penetration of the muon wave-
function into the nuclear electric charge and magnetic dipole densities [3-5]. These corrections are essential
for refining our understanding of the nuclear magnetic and quadrupole moments.

The simulations leverage a modified Skyrme-Hartree-Fock-based model integrated with Bardeen-Cooper-
Schrieffer (BCS) and Hartree-Two-Delta-Approximation (HTDA) corrections. This model is particularly effec-
tive in representing highly deformed nuclei [6] and focuses extensively on the isotopes 161,163Dy65+ and other
lanthanides, including 159Tb64+. Additionally, this model is coupled with an adapted Dirac-Fock method for
computing the muonic wavefunction within the derived nuclear magnetic and electric potential. The method-
ology is scalable and can be extended to multielectron ions by analyzing the hyperfine anomaly across various
isotopes.

Our findings reveal that while the discrepancy in hyperfine constants between two given finite size models
is modest (approximately 1%) for both electronic and muonic penetrative wavefunctions, s1/2 and p1/2, the
proximity of the muon to the nucleus results in an amplification of the absolute difference by two orders of
magnitude (approximately×100), thus facilitating a more precise discrimination between theoretical models.

Our study aims to align theoretical predictions of muonic hydrogen-like ions with experimental data to val-
idate our models and verify fundamental nuclear physics principles. This crucial comparative analysis not
only tests the accuracy of nuclear structure predictions but also confirms the utility of muonic ions as effec-
tive nuclear probes. Moreover, the approach can be generalized across various nuclear models, serving as a
benchmark for further investigations. The anticipated outcomes of this research will significantly enhance
our understanding of the deformation and complex structures of lanthanides, thereby advancing the broader
field of nuclear physics and refining theoretical frameworks for describing exotic atoms and highly deformed
nuclei.
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