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Detector Developments For Radiation Physics
Applications at GIP ARRONAX.
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Abstract: The C70XP cyclotron at ARRONAX, located in Saint Herblain [1], is capable of delivering different
types of particle beams: Protons and alpha particles up to 70 MeV & deuterons up to 35 MeV. At the cyclotron
level, in standard mode, bunches of ions can be delivered with a duration of 3ns separated by 33ns each, and
beam intensities ranging from very low (< 1 pA) to very high (up to 350 pA for protons and 70 pA for alpha
particles). A chopper device installed in the injection part of the cyclotron allows the adjustment of frequency
rates and irradiation durations [2], enabling a wide range of mean dose rates, from low (<1 mGy/s) to high
(>1 MGy/s). Various research activities are being conducted in the dedicated AX vault, including preclinical
radiotherapy studies, such as investigating the Flash effect on sparing healthy tissues through ultra-high ir-
radiations in short durations, biological sample irradiation [3], radiolysis of water [4] & ion beam analysis of
cultural heritage objects [5]. However, for these applications, precise online control of the beam characteris-
tics, such as intensity, geometric profile, and energy, is crucial, and this is achieved through implementing a
set of detectors in the beam line.

A Faraday cup is used as a calibration reference, providing an absolute measurement of the beam intensity
that is independent of the dose rate. Recently, DIAMMONIdetector, based on 4 single-crystal CVD diamonds,
has been developed [6]. It is designed to operate in two complementary modes: train mode, for high flux condi-
tions, where it integrates the total charge per train of bunches (>100 particles per bunch, up to 1 uA) enables halo
and precise time measurements (Train duration: DT, inter- train duration: DIT); and bunch mode, for low flux
conditions, where it counts the number of particles per bunch (1-100 particles per bunch; <1 nA). An ultra-thin
beam profiler PEPITES (10 um WET), based on secondary electron emission, has already been developed and
installed in the beamline to measure beam profiles at low intensities [7]. It is composed of two segmented
electrodes of 32 gold strips of nanometric thickness deposited on a thin polymer membrane (CP1, 1.5um). In
addition, a novel beam profiler based on beam-induced air fluorescence detection with multiple PMTs - allow-
ing simultaneous timing and profile measurements at high intensities- is under development [3], [8].

Thus, the main objectives of our project are to determine the operational ranges, characterize the performances
(dose rate response, linearity) of these detectors, and to investigate radiation-induced damage in DIAMMONI
& PEPITES, as a function of particle type, energy, and fluence. More specifically, for DIAMMONI we are
interested to quantify the charge collection efficiency and the effect of thermal annealing on restoring the de-
tector performance and for PEPITES, to study the impact of radiation damage on the mechanical and electrical
properties of the polymer and to enhance the electronic card to operate under ultra-high dose-rate “FLASH”
conditions. In parallel, we will finalize the PMTs profiler prototype, quantify its sensitivity and spatial resolu-
tion, develop a Python-based simulation model, and validate the simulation by experimental measurements.
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