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Purpose: FLASH radiotherapy (>40 Gy/s) demonstrates normal tissue sparing while A6T6: Multi-Pulse Width Validation A = B /
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Conclusion

Regression analysis revealed exponential decay for mean energy (R*=0.9946) and quadratic growth for energy spread (R?=0.9974)
with pulse width. Mean energy decreased from 9.58 MeV (1.2 us) to 9.04 MeV (4.0 us), while energy spread increased from 0.173
to 0.287 MeV. Strong negative correlation existed between mean energy and energy spread (r=-0.98, p=0.018), with 1.81-3.17%
beam quality degradation. Based on exponential beam loading physics, the geometric mean was selected as universal
reference, corresponding to 9.32 MeV mean energy and 0.214 MeV energy spread. This establishes the first comprehensive
pulse-width-specific phase space characterization for FLASH TPS development, with validated regression models enabling
parameter prediction at arbitrary pulse widths. This universal beam model provides clinically acceptable accuracy while
reducing computational requirements from four pulse-specific calculations to single reference configuration, facilitating

Figure 4A-E: A10lY configurations with aperture size, Y, following A) 6, B) 7, C) 8, D) 9, E) 10 cm. practical FLASH TPS implementation.
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