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Abstract

Nuclear giant resonance refers to the collective motion phenomenon in the nucleus after the ground-
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state nucleus is excited by an external field. As one of the most important excitation modes in giant
resonance, the nuclear giant quadruple resonance is an effective tool to explore the characteristic
parameters in the equation of the state of nuclear matter and properties of in-medium nucleon-
nucleon interaction. Therefore, it is of great significance to study the properties of nuclear matter
to carry out the self-consistent theoretical derivation about the excitation mode of generating the
nuclear giant quadruple resonance. Spherical harmonics are commonly used in quantum mechan-
ics to describe the motion state of particles in a centered force field (such as hydrogen atoms), and
serve as important methods to extract the formulas for excitation operators and modes within the
nuclear giant resonance. However, previous theoretical work on the nuclear giant quadruple reso-
nance often relied on an empirical equation for corresponding research. In this paper, we derive
the excitation operator and the corresponding excitation modes for the nuclear giant quadrupole
resonance using the spherical harmonic function in quantum mechanics. This approach offers a
novel method for theoretical research on the giant resonance phenomenon in nuclear physics and
provides new material for the expansion section of undergraduate physics curricula. Incorporating
related scientific research into college physics classrooms not only helps guide students in transi-
tioning from textbook content to frontier research but also fosters their scientific thinking and crit-
ical thinking, thereby achieving the integration of science and education.
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Figure 1. Macroscopic image of the dynamic evolution of the giant quadruple resonance of a nucleus
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Figure 2. The evolution of expectation of the excitation operator in the ground-state nucleus and
nuclear giant quadruple resonances under different excitation modes
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Figure 3. The strength function of nuclear giant quadruple resonances under different excitation modes
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