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It was the purpose of this work to build an experimental dynamic Integral depth dose (IDD), Figure 3, and lateral pro- Plot Legend
collimation system (DCS) prototype and experimentally bench- file, Figure 4, measurements were acquired as a ba- (5) A& o StingRay
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mark two Monte Carlo models that are currently used to study dy- sis to evaluate Monte Carlo models of the DCS pro- —_ ;3‘;2,‘;?;';,\,
namic collimation in pencil beam scanning (PBS). totype. The consistency between the Monte Carlo :2,;23 ij 2,;‘;31
models to predict changes in profiles due to the influ- et neay
BACKGROUND ences of scatter off the trimmer blades were assessed M
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The DCS is an emerging low-energy PBS ; _5§8§ 5281

collimator that provides energy-specific IDD profiles were measured through the wall L ' ' RN ' ' ‘ '

collimation through the sequenced motion of an TBA Blue Phantom? 3D Scanning water Depth in Water Figure 5: Simulation (left) and experimental (right) setups for lateral and IDD profiles in water.

of four collimation trimmer blades, illus-

trated in Figure 1 [1]. Recent treatment

planning studies have indicated that the Lateral profile measurements were acquired

DCS can reduce the dose delivered to the using the IBA Lynx scintillator, which was also
Figure 1: Tllustration of ~ nearby healthy tissues [2-4]. However, benchmarked with EBT3 film
the DCS [1]. these studies rely on theoretical Monte
Carlo models that lack rigorous experimental benchmarking.
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Agreement between the measured and Monte The geometry illustrated in Figure 5 was modeled to reflect the

Carlo-simulated profiles were evaluated using ~ Mt N \ WA experimental setups for both the IDD and lateral profile measure-
al% /1 mm gamma criteria. , A KA A WVAVLVARYA = ;i w-o VA 1L ments in both MCNP6 and Geant4 Monte Carlo codes. MCNP6
PROTOTYPE DCS & SETUP - - : : : transport included Vavilov scattering theory and ion recoil sam-
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l =l Figure 2: SolidWorks'™ visual within the plateau region and a larger percent  Figure 3: (Top) Measured and MCNP6-simulated IDD profiles from uncollimated and X- and Y- Geant4 user base classes and the QGSP_BIC_HP phySiCS list

TenCeting of the experimental increase in the absolute dose value than Geant4  collimated 151.0 MeV proton beamlets color coded by trimmer offsets in ecm. (Bottom) A trimmed
DCS prototype. The features of

the experimental design were: IDD profile with the X- and Y-collimators positioned 1.5 mm from the central axis of the beamlet. The
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e MCNP6 resulted in an elevated plateau IDD from low-energy
scatter off the collimation than Geant4.
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The experimental prototype, shown in Figure 2, was modeled to O T T DO . e A non-focused collimator results in broader off-axis profiles
closely mimic the Monte Carlo geometry initially used to study Off axis distance (cm) Off axis distance (cm) Off axis distance (cm) Cff-axis distance (cm) than those delivered on-axis

PBS collimation by Hyer et al. [1] and Gelover et al. [4]. A set of
trimmer blades were machined from a nickel alloy and mounted
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Integral depth dose and lateral profile measurements of beamlets
collimated by a DCS were performed using the PBS-enabled, hori-
zontal beamline fitted with the IBA Universal Nozzle at the North-

western Proton Center. The collimators were aligned perpendic- ' ] ACKNOWLEDGEMENTS
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ularly to the scanning of the beam and offset upstream from the Oft axis distance (cm) Off axis distance (cm) Off axis distance (cm) Off-axis distance (cm)

isocenter. The trimmer translational axes and beam scanning sys-
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Figure 4: Simulated and measured lateral profiles from a collimated 151.0 MeV proton beamlet. Various combinations of X- and Y-trimmers were used to benchmark the Calibration Laboratory (UWADCL) customers, whose COHtiHUil’lg
MCNP6 calculations of collimated proton beamlets along the central axis and 5.0 cm off-axis in the x- and y-direction (right-most plots). The Geant4 gamma pass rates for patronage supports ongoing research at the University of Wiscon-
each of the measurements are listed in white for each beamlet and were consistent with the MCNP6 simulation gamma pass rates. sin Medical Radiation Research Center (UWMRRC).

tem were aligned by centering the trimmer in a uniformly irradi-
ated field.
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