Giacomo Trainib, Alberto Burattinic.d, Marta Davide, Angelica De Gregorioab, Giuseppe
De Vincentist: Gaia Franciosinia?, Viviana Frantellizzif, Leonardo Gasparinih, Marco

B The reSPECT project: an innovative SPECT detection
-

system based on high-Z organic scintillators

Garbinie, Nils Krahi, Marco Magid.t, Enrico Manuzzatoh, Michela Marafinie.b, Leonardo e CREF Centro Ricerche Enrico Fermi, Rome, Italy

Mattiellod, Annalisa MuscatocP, Roberto Passeroned, Vincenzo Paterad.b, Flaminia
Quattrinia.b, Daniele Roccod, Alessio Sartid®, Angelo Schiavid.b, Marco Toppid.

a Sapienza University of Rome, Department of Physics, Rome, Italy

b INFN National Institute for Nuclear Physics, Roma | Section, Rome, lItaly

c Sapienza University of Rome, Post-graduate School in Medical Physics, Rome, Italy
d Sapienza University of Rome, Department SBAI, Rome, Italy

f Department of Radiological Sciences, Oncology and Anatomo-Pathology, University of Rome, Italy
g University of Trento, Department of Information Engineering and Computer Science, Trento, Italy
h FBK - Sensors and Devices, IRIS Research Unit, Povo (TN), Italy

i University Lyon, CNRS, CREATIS, Lyon, France

Emm Single Photon Emission s sy The reSPECT detection system IS

Computed Tomography

Rotating detection The reSPECT detection system will have a modular structure

MODULE Side View

> Single-Photon Emission Computed Ring \ able to revolve around the patient, enabling multi-angle data
Tomography (SPECT) is a nuclear imaging acquisition.
technique that allows to investigate the o Each module will consist of a
physiological processes that take place -—.—- 3D-printed tungsten frame that

Inside the patient’s body.

» SPECT scans are powerful tools for the
diagnosis of cancers and other pathologies.
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serves both as a collimator and
/ as a container of the scintillator

segments.

Scintillator Side View  The readout will be performed

by SPAD array silicon-based
photodetectors arranged in
small-size pixels, individually
coupled to the scintillator B
segments. The polymerization T
occurs directly inside the holes.

FPGA matrices will be placed
- : on the back of each module to
4mm  gctive pixel pre-process the acquired data.

> Use iInstead of inorganic crystals to profit from their fast signal, ease of manipulation and low cost.

» Plastic scintillators are not optimized for the detection of gamma rays via photoelectric effect. [1] Mattiello L;, Patera V.; Belardini A.;

» The idea is to enrich our organic scintillators with high-Z impurities (e.g. Bismuth or Cerium) [1]. [kttt

B High-Z plastic scintillators [l B Expected performances IS

Patent WO2023156957A1, 2023.

» We produced samples of high-Z organic scintillators and » The expected performances of the reSPECT detection system have been
tested their performances with different radioactive obtained through Monte Carlo simulations.

sources and readout systems [2].

» The simulated scintillators have a 10% Bismuth concentration.

» Transparency turns out to be good up to very high dopant » The reSPECT detection system allows to realize a total-body SPECT.

concentrations.
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» The MC simulations showed that a 10%
Bismuth concentration is needed to ensure
good imaging performances.

» We realized a 10%-doped sample with
promising results: such dopant concentrations
are not available on the market.

» Light collection efficiency is crucial with this
geometry!

B Prototypes performances S

*The spatial resolution can be improved by adjusting the geometrical parameters.
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» We produced samples of high-Z organic scintillators
polymerized in TEFLON in order to study the matching

» The performances of the scintillator prototypes have been compared with this material.
with those of the commercial alternatives (Eljen Technology) in terms » The results show a very good collection efficiency and

of light output and
time resolution
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Data obtained with AdvanSiD NUV SiPMs (ASD-NUV3S-P)

PET applications.
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transparency.
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Next step
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trigger and data acquisition system. NIM A 936
(2019) 399-400 doi:10.1016/j.nima.2018.07.067

Bi 0% Bi 10%




