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Heavy ion therapy (HIT) is a transformative approach to cancer treatment offering precision to target tu-
mors minimizing damage to surrounding normal tissue cells. This study explores the feasibility of applying
the particle-in-cell (PIC) method to evaluate and optimize the clinical therapy of HIT. The PIC models ion
beams & dynamics by tracking their motion with electromagnetic interaction and ion-fluid interactions at the
nanoscale. PIC can accurately capture ion energy deposition patterns, ionization processes, and the genera-
tion of secondary particles that ion beams traverse in patient-specific body tissues and organs. The results
reveal key insights into how ion beams interact with similarly constructed human tissue, influencing dose
distribution, and therapeutic outcomes, involving key factors that may affect clinical procedures, such as spe-
cific tissue composition, and beam delivery parameters. The outcome would refine HIT protocols, supporting
advancements in medical therapy, and enhancing surgical precision. This study also bridges computational
modeling with clinical practice, providing actionable insights for improving HIT efficacy and safety.
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