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with an upstream degrader in pencil beam scanning (PBS) proton therapy

A. C. Giovannellil, V. Maradia?l, D. Meer?, S. Safait, S. Psoroulas®, M. Togno?, C. Bula®, D. C. Weber?!, A. J. Lomax!, G. Fattori!
1 Paul Scherrer Institut, Center for proton therapy, Villigen, Switzerland

e-mail: anna-chiara.giovannelli@psi.ch

INTRODUCTION MATERIALS AND METHODS

We have evaluated whether the upstream degrader can be used to change the beam
energy within the gantry acceptance, thereby obviating the need to re-tune the beamline,
achieving faster modulation.

Beam properties have been characterised at four non-nominal energies within acceptance
around 100, 150 and 200 MeV, to obtain changes in beam range of £+ 0.5 and £ 1 mm.
The goal of clinical level beam quality has been investigated analysing:

At PSI, the beam energy is defined using a fast
upstream degrader together with associated tuning
of the beamline, ensuring accurate beam position
and range at treatment isocenter.

Indeed, it is the beamline tuning that currently
limits energy layer changes to 100 milliseconds.
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Beam position error in the
transversal plane has been
verified using a strip
chamber aligned at
treatment isocentre.

Integral depth-dose curves were
measured with a large parallel-plate
ionization chamber of 80 mm immersed
in a water tank, the range-scanner.
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The 2D lateral profiles were
measured with a scintillating screen
coupled with a CCD camera to
evaluate the in-plane spatial
variances: ox and oy.

Beam size was evaluated delivering

The time performance of the upstream degrader has been investigated analysing the
machine logfiles from multiple deliveries.

Even without ad-hoc changes of the clinical beamline, the upstream degrader could be
controlled with a latency of 44.06 ms (IQR: 15.46 ms) in repeated measurements.
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