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Planar silicon sensors for real-time monitoring of
electron (and protons) FLASH beams
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Background. FLASH Radiotherapy (RT) delivers an average dose-rate > 40 Gy/s in less than 200 ms with
extremely high instantaneous dose-rates, and preclinical studies demonstrated a tumoricidal effect comparable
to conventional RT with an increased sparing effect on healthy tissues (FLASH effect). Real-time monitoring
of FLASH beams is challenging, but crucial for studying the delivery parameters triggering the FLASH effect.
Within the INFN-FRIDA project, we are exploring thin silicon sensors as beam monitors for electron and
proton FLASH beams.

Materials and methods. Planar silicon sensors of 30/655 and 45/570 µm active/total thicknesses and 0.25, 1
and 2mm2 active areas were tested on 9MeV electron beams from the Pisa CPFR ElectronFlash accelerator (EF,
funded by the Pisa Foundation). Measurements were performed with a 5 GS/s oscilloscope and a 64-channel
TERA08 chip, a current-pulse-frequency converter with a maximum conversion frequency of 20 MHz and
a maximum current of 4 µA per channel. Silicon sensors were placed at the output of the 30-mm-diameter
EF applicator after a solid water slab. Measurements performed with the PTW FlashDiamond were taken as
reference.

Results. The temporal structure of the beam and the charge collected in each 4µs pulse by silicon sensors
were measured at the Pisa EF by varying the delivered dose-per-pulse, reaching a response linearity up to the
maximum value reached (∼10 Gy/pulse).

Conclusions. The preliminary results confirmed that silicon sensors can be employed to measure the fluence
and shape of electron FLASH beams. A 3x3 cm2 silicon sensor segmented in strips and an upgraded version
of the TERA08 chip are being properly connected to monitor an area of few cm2 on both electron and proton
FLASH beams.
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