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We present COSMICA, an opensource high-performance GPU-accelerated numerical code for modeling cos-
mic ray solar modulation, and its application to study CR diffusion parameters. Developed within the frame-
work of the ICSC-Italian Research Center on High-Performance Computing, Big Data andQuantum Comput-
ing (Spoke-3), COSMICA is undergoing continuous software optimization to maximize efficiency on NVIDIA
architectures. COSMICA is coupled with SDEGnO, another ICSC project, designed for the efficient parameter
tuning, exploring the large parameter space in solar modulation studies. As a first physical use-case study, we
exploit COSMICA to investigate Forbush decreases (FDs), which are transient cosmic ray intensity reductions
caused by interplanetary disturbances. The analysis leverages the high-precision daily measurements from
AMS-02, which provide cosmic ray fluxes across a wide range of rigidities. The ability to simultaneously study
not only protons but also helium isotopes offers complementary insights into charge- and mass-dependent
transport effects. By analyzing FD events, we assess localized variations in diffusion parameters and their
impact on cosmic ray transport. The results confirm the stability of the rigidity dependence of the diffusion
tensor, supporting the use of FDs as probes of localized well constrained heliospheric conditions. The compu-
tational efficiency of COSMICA paves the way for large-scale simulations, systematic FD catalogue analysis
and a more in-depth understanding of the parameter that regulates the solar modulation, together with their
dependencies.
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