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The technology and techniques used to treat cancer utilizing external beam radiation therapy are advancing
quickly as is the complexity of delivering the planned dose to patients safely and accurately. Currently,
there are no instruments that can monitor the dose delivered to the patient in real-time, in-vivo, and with
submillimeter spatial resolution. This research explores two scintillating fiber transmission detector systems
developed to mount directly on the accessory tray of a medical linear accelerator (linac) and monitor the
dose delivered to the patient in real-time. Both systems utilize scintillating fiber arrays and high-speed
optoelectronics to record and process the output of the linac in real-time with the objective of detecting
beam delivery errors with respect to the planned treatment at the onset of a beam delivery. The first
detector is composed of a single linear array matching a multileaf collimator (MLC) with the typical
modulation used to deliver intensity modulated radiation therapy (IMRT) The second detector has two high-
density orthogonal fiber arrays with 0.8 mm pitch, which are specially designed to measure stereotactic
body radiotherapy (SBRT) and stereotactic radiosurgery (SRS) treatments. This SBRT/SRS detector
rotates on its central axis to reconstruct the linac beam profiles with sub-millimeter accuracy. The response
of both detectors is linear with respect to dose and energy independent. The IMRT detector can detect
2mm MLC errors and 1cGy dosimetric errors in real-time. The SBRT/SRS detector is capable of
reconstructing beam fluences with submillimeter accuracy and detecting dose errors of 1cGy with a
sampling time of 50msec. Both real-time dosimeters set a new benchmark for online transmission detectors
designed to enhance patient safety and treatment accuracy in external beam radiotherapy.


