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Silicon sensors based on the Low Gain Avalanche Diode (LGAD) technology, characterized by enhanced signals and excellent time resolution, are investigated as a possible alternative to overcome speed and sensitivity limitations of the gas detectors currently used for beam monitoring in charged particle therapy.
Methods and Materials.
Two prototypes of beam monitoring devices with dedicated LGAD strip structures produced by FBK (Trento, Italy) are under development. One device will be used to identify single beam particles and count their number up to high rates. A custom electronic VLSI chip was produced for its readout, employing the enhanced signals of LGAD detectors for fast operation (>100 MHz/channel) and high efficiency. A second device takes advantage of the LGAD high time resolution (~35 ps in 50 μm) to measure the beam energy from the time of flight of protons in a telescope of two thin strip sensors.
Results
The detectors developed for the two applications were tested with proton beams at CNAO (Pavia, Italy) and at the Trento proton therapy facility (Italy). Their counting capability was assessed and their performance characterized in terms of radiation resistance, response linearity and reproducibility. With the current strip structure, the counting inefficiency is < 1 % up to 108 p/cm^2. Dedicated pile-up mitigation algorithms were studied and implemented to increase the maximum counting rate. Timing measurements from a telescope of two strip sensors provide an energy resolutions of 1 MeV at 227 MeV. 
Conclusions
The encouraging results suggest to continue the investigation of LGAD technology for future clinical applications, where the high sensitivity and fast response time of silicon sensors will be useful for beam monitoring in high speed or low dose delivery schemes. Future prospective of developments of LGAD detectors for imaging applications in charged particle therapy applications will also be discussed.
 
