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The FRIDA INFN project characterized thin silicon sensors for monitoring electron FLASH beams, showing a
response linearity up to ~ 10 Gy/pulse on 9 MeV electrons. The use of segmented silicon configurations could
provide the spatial resolution useful in Spatially Fractionated Radiotherapy (SFRT). Within the MIRO INFN
project, a strip sensor integrated with a multichannel readout chip is being developed and tested for monitoring
FLASH and SFRT electron and proton beams. One hundred and twenty-eight strips are independently read by

two front-end TERA chips. Preliminary tests were performed on 6-10 MeV electron beams at the LINAC at
Physics Department of the University of Torino, with and without using a tungsten minibeam collimator, and
on 62-226 MeV proton beams at CNAO (Pavia). The capability to spatially resolve electron and proton beams
at conventional dose-rates has been proved.

1. Introduction

Ultra-High Dose-Rate (UHDR) regimes deliver an average dose-rate
exceeding 40 Gy/s in less than 200 ms. UHDR irradiations with both
electron and proton beams have demonstrated a tumoricidal effect
comparable to conventional radiotherapy (RT), while offering greater
sparing of healthy tissues (FLASH effect) [1]. A similar outcome can be
achieved by spatially fractionating the dose using arrays of minibeams
(~ 1 mm in width), creating a pattern of high peak and low valley
doses [2]. Standard ionization chambers (ICs) used in conventional RT
are inadequate for studying the role of various parameters, such as
instantaneous dose-rate and peak-to-valley dose-ratio, in triggering the
tissue sparing effect. This is due to the significant ion recombination
effects affecting ICs and their slow charge collection times (tens of ps).
New dosimeters and beam monitors are therefore needed. The silicon
technology has already shown promising results for monitoring electron

FLASH beams [3]. Specifically, charge collected by thin silicon pads
demonstrated good response linearity (R > 0.99) up to ~ 10 Gy/pulse
on 9 MeV electrons. Moving from pads to 2D configurations could
overcome the increase of dose and stray radiation produced in scanning
measurement techniques. To this aim, initial tests have been performed
on electron and proton beams with a segmented silicon sensor and
multichannel readout electronics. The measurements were carried out
at the Physics Dept. of the University and INFN of Torino (Italy), using
an Elekta SL18 MV LINAC fully dedicated to research, and in Pavia
(Italy), at the CNAO center.

2. Materials and methods

A PiN silicon sensor from MoVe-IT FBK production featuring an
active thickness of 60 um and a 2.6 x 2.6 cm? sensitive area was
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Fig. 1. Schematization of the experimental setup. A PCB detector board was used to
interface the 128 strips to the TERAO9 readout chips. The sensor was polarized by a
HV module and the data acquisition was performed using an NI FlexRIO FPGA DAQ
module.
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Fig. 2. Normalized dose acquired with GafChromic films compared with the charge
measured on 128 strips of the segmented sensor with 6 MeV Flattering Filter Free
electron beam, SSD = 52.9 cm. The position values (x-axis) is obtained by multiplying
the strip number by the sensor pitch (180 pm).

used [4]. It is segmented into 146 strips with a pitch of 180 pm
and an inter-strip spacing of 66 pm. Each strip has an active area of
180 x 26214 pm?. Two 64-channel current-to-frequency converter, the
TERAO9 chips [5], were used for the charge measurements . A custom-
designed PCB was developed to accommodate the segmented sensor
and interface 128 strips to the readout (Fig. 1).

The experimental setup was tested on electron beams at the Torino
Elekta LINAC. The beam has been characterized in four working points:
the isocenter (Source Surface Distance, SSD = 100 cm), the isocenter
with a cylindrical Polymethyl methacrylate (PMMA) applicator of 5 cm
diameter, the crosshair foil (SSD = 52.9 cm) and the wedge (SSD =
18.6 c¢cm), inside the LINAC head. The spatial fractionation of the beam
was studied at the isocenter in air, using the PMMA applicator with a
tungsten square grid of 7 x 7 square holes, with a pitch of 3 mm and a
1 mm? area each. For protons the experimental setup was tested at the
CNAO with energies from 62.28 to 226.91 MeV, and a flux of 5 x 10°
protons per spill.

3. Results

A comparative study was conducted between dose measurements
obtained using GafChromic films placed in the crosshair foil position
of the LINAC and charge measurements acquired by 128-strip (out
of the 146 available) of the sensor under identical conditions. These
measurements were performed using 6 MeV electrons and setting a field
size of 3 x 3 cm? at the isocenter. A strong agreement was observed
between the beam profile derived from the normalized dose of the
GafChromic EBT XD films and the counts acquired by the TERA09
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Fig. 3. Measured charge on each strip of the segmented sensor with 10 MeV electron
beam and field size 10 x 10 cm? at the isocenter. The peaks correspond to the
minibeams generated through the tungsten collimator mounted at the exit of the PMMA
applicator at the isocenter.
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Fig. 4. Measured charge on each strip of the segmented sensor with proton beams in
the energy range from 62.28 MeV to 226.91 MeV (Flux: 5 x10® protons/spill, Position:
isocenter).

(Fig. 2). For the minibeam study, a 10 MeV electron beam with a field
size of 10 x 10 cm? at the isocenter was used. Fig. 3 shows seven charge
peaks corresponding to the seven rows of holes on the beam collimator.
The center-to-center distance was determined to be 3.02 + 0.02 mm,
while the FWHM of the peaks was 1.17 + 0.06 mm, both values being
consistent with the actual specifications of the tungsten grid. Charge
measurements performed per spill at CNAO are reported in Fig. 4,
clearly demonstrating the energy dependence of the beam profile.

4. Summary

A strip silicon sensor with an active thickness of 60 pm, covering an
area of 2.6x2.3 cm? with 128 strips was integrated with a 64-channels
readout electronics system. Beam shape studies were performed using
6-10 MeV electrons from an Elekta LINAC, with a conventional and a
fractionated beam obtained with a tungsten collimator mounted on a
PMMA applicator, and with proton beams at the CNAO center in Pavia,
with energies from 62.28 MeV to 226.91 MeV. The measurements
demonstrated good agreement with data acquired using GafChromic
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films and proved the ability to spatially resolve electron and proton
beams at conventional dose-rates. These results make the technology
promising for beam monitoring applications in SFRT. Modifications to
the readout chip are planned to enlarge its dynamic range and enable
exploiting it under UHDR conditions.
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