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APPLIED PHYSICS To MEDICINE




Neuroscienze e Neuroimaging U an it (

Main activity: investigating the dynamics of brain function
using quantitative experimental approaches based on Personale del CREF o in enti convenzionati con
magnetic resonance imaging (MRI), combined with fondi dedicati a NQN:

computational models. The experimental activity focuses on

studying the relationship between information processing at
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the cortical level, the energy consumption that supports it,
and the micro-structural substrate that enables its
transmission. Project activities also extend to functional
dynamics induced by interaction with the environment and
to spontaneous fluctuations.
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Neuroscienze e Neuroimaging (0] U2 IN 1 1 L1\ 1

Figure 1: CVR maps obtained in healthy
controls (HC), individuals with mild cognitive
impairment (MCIl), and patients with
Alzheimer’s disease (AD) using a gas
challenge. The contrasts used Iinclude arterial
spin labeling (ASL), blood oxygenation level
dependent (BOLD), and vascular space
occupancy (VASO). These maps represent a
potential biomarker for neurological disorders
associated with vascular impairment.

METHODS: the research line pursues innovation in MRI technologies and the development of new multimodal analysis
methodologies. The project has a strong interdisciplinary nature and aims, in the long term, to contribute to the
development of advanced diagnostic tools for the characterisation, diagnosis, and treatment of neurological and
psychiatric disorders.

MILESTONES:

1. 2026 Completion of the project on the characterisation of vascular and metabolic responses in aging. Completion of
cerebrovascular reactivity data processing and finalisation of the model for neuronal and vascular BOLD responses. Two publications.

2. 2026 Completion of the spinal cord imaging study. Completion of data processing and interpretation. Standardisation of the spinal
cord data processing pipeline for future studies. One publication.

3. 2027 Functional connectivity analysis on fMRI data acquired with different contrasts. Development of fMR|I methods for
connectivity analysis using multi-contrast fMRI techniques is completed and formalised into pipelines available for application and
related publication.
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Innovative RadiOtherapy - electron flash therapy |

- W light ion therapy

SPAIN: 9 new
proton facilities
iIn planning 2026

ITALY: 4 operating
centres (proton and
carbon ion beams) and

3 new proton beams Very High
expected in 2025-2027. Electron Energy

SAFEST: electron
Helium ion beam In beam and possible

Commissioning photon beam in
Flash regime

10 MeV
in 2026

33 (3 C-ion) CPT gantry under construction, 34 (2 C-ion) CPT gantry planned 2028
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IMAGING

SCINTILLATORS

SPECT Sensitivity Spatial Decay Rate
detection per module resolution time capability

system

Total
cost

@140 keV | (FWHM) @10 cm [ns] cps/cm2

Anger Camera

(Nal) 170 cpm/uCi 0.25k-3k $$
FoV: 53x39 cm?2

reSPECT
6 rotating blocks,
FoV: 35x35 cm?

184 cpm/uCi 8.9 mm

(cut 80 keV)  (pixel: 2 mm) >0M-200M

Responsabile Scientifico Michela Marafini

PTFE coating
Increases light
collection.

The pixelised readout is
assumed in SiPMs or
SPAD based arrays. Most
of the efforts are devoted
to design a FPGA system.

» 2N+ 10%Bi samples
pL. = 3.5cm,L = 5.6 cm
p Co-57 source (122 keV)

dhoto-peaks
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IMAGING and DOSIMETRY

Theranostic is a medical treatement that combines therapy and diagnostics. This
approach is particularly useful in treating tumours with radio-pharmaceuticals.

7Lu-PSMA-617 therapy for metastatic or treatment-resistant prostate cancer - the most
effective treatment for metastatic Castration Resistant Prostate Cancer. Lu-177 not only
emits B~ electrons to damage cancer cells but also emits 208 keV gamma rays,
which can be detected with SPECT systems to monitor the radiopharmaceutical’s
biokinetics. Preliminary

Uptake

Portable y-rays detector to retrieve the
activity-vstime curve for each patient
after the administration of a reference
(low) dose — determination of the
radiopharmaceutical biokinetics.

O

bone / MC FLUKA simulation: Optimising the number and placement of

metastasis detectors will be crucial to identify configurations that are both

physically effective and feasible for practical and clinical

\,annucc‘ d tect implementation. Simultaneously, future work will include further
Aﬂa““a ( d oes.iemce?;r) characterisation of doped detector samples and experimental

evaluation of their performance.
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IMAGING and DOSIMETRY

Responsabile Scientifico Michela Marafini

Adalberto Sciubba _

The readout and DAQ system has to be compact and
wireless. We are developing a dedicated prototipe to
fulfil the requirements. \

N

Developing organic scintillators doped with high-Z
elements to exploit advantages of fast scintillation
sighals together with the improved photoelectric
absorption probability allowing Compton scattering
discrimination in the patient.

The custom electronic system that has
been developed is giving very good
results (low noise, dynamic range).

A 2.0 system will be delivered in one
year (problem fixing and optimisation
of the crucial parameters) for next
level steps.

— — — EJ204 Bkg

— —— EJ 256 Bkg
— — — EJ256 Sorce

57Co source -
gamma at 136 keV

Test with commercial scintillators,
EJ204 as a reference and EJ256
doped at 5% of Pb.

Measurements with homemade
samples are ongoing.

Bando di Ateneo 2024-2027 I (14]



SECONDARY PARTICLES IN INNOVATIVE RADIOTHERAPY s

FOOT (INFN) experiment: measurement of fragmentation cross-
sections relevant for particle therapy and radio protection in space.

Laura Rpocchettl

new CREF PhD 2025
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SECONDARY PARTICLES IN INNOVATIVE RADIOTHERAPY s

Momentum reco

Data collected @ GSI 2021 I

Ridolfi R. et al, Physics Review C, 2025,
DOI: https://doi.org/10.1103/nmw9-ldrm

Responsabile Scientifico Michela Marafini
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https://doi.org/10.1103/nmw9-ldrm

MONITORING TREATEMENTS

PRIN PNRR 2022

ON LINE MONITORING IS
STILL AN OPEN AND
CHALLENGING TASK IN

PARTICLE THERAPY

Luana Testa

new CREF PhD 2025

MC simulation of a specific case: Simulated Response Al-Elaboration

Al-Feedhack
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MONDO => MULTIPASS => NEXT

O Design of the new chip - SBAM 2

O Architecture FPGA sys. O Montecarlo Simulation (FLUKA)

MC study: 1nvestigate the potential of the detector as a 3D inter-
fractional monitor of anatomical changes in a real case scenario. 3D
spatial emission maps of reconstructed secondary protons by the detector
have been obtained by simulating the 12C 1on therapy treatment plan of
the selected patient on its planning CT. Gamma-index map visualized in
pass-rate mode superimposed to the CT1: green voxels are the discrepant
ones between the compared 3D emission maps obtained from CTI1 and
CT2. Non-discrepant voxels between maps are shown in red.

O Single cladding, Double cladding,
rounded 700um squared 250pm

Responsabile Scientifico Michela Marafini

Test on Proton _

Beam (2 days ago) at CNAO with
tracker prototypes:

1500 2000




MONDO => MULTIPASS => NE

O Design of the new chip - SBAM -

Frame 33

O Single cladding, Double cladding,
rounded 700um sgquared 250pm

1000 1500 2000
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d_l_..l_l.l_-.l.__l_M BN IS & _
MONDO Tracks directions in 0.7mm fibre prototype

O Design of the icarlo Simulation (FLUKA)

of the detector as a 3D inter-
nges in a real case scenario. 3D
lsecondary protons by the detector

12C 1on therapy treatment plan of
. Gamma-index map visualized in
I'1: green voxels are the discrepant
sion maps obtained from CT1 and
nhaps are shown in red.

O Single cladding
rounded 700pn

1000 1500 2000
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APPLIED PHYSICS PUBLICATIONS

Publication in International, National Journals and Editorials in 2025
1. Y. Dong et al., Cross section measurements of large angle fragments production in the

interaction of carbon ion beams with thin targets (accepted 2025, on proof 2026)European
Physical Journal A DOI:10.1140/epja/s10050-025-01693-4

2. A. De Gregorio et al., In silico evaluation of the potential of very high energy electrons
delivered in both conventional and FLASH regimes for the SBRT treatment of pancreatic
cancer: A report of three case studies (2025) Physica Medica 17, 105076, DOI: https://doi.org/
10.1016/7.ymp.2025.105076 Open Access

3. R. Ridolfi., Angular differential and elemental fragmentation cross sections of a 400 MeV/
nucleon 160 beam on a graphite target with the FOOT experiment (2025) Physical Review C
112, 1 DOI: 10.1103/nmw9-1drm Open Access

4. A Trigilio et al., Characterization of a permanent magnetic dipolar system for the FOOT
experiment (2025) Technical Report JINST 20 DOI: 10.1088/1748-0221/20/09/T09010 Open

Access

5. N. Bartosik, et al., Development and performance assessment of the BGO calorimeter
module for the FOOT experiment (2025) JINST 20 P03021 DOI:10.1088/1748-0221/20/03/

P03021 Open Access

6. Y.Dong et al., The FLUKA Monte Carlo simulation of the magnetic spectrometer of the
FOOT experiment (2025) COMPUTER PHYSICS COMMUNICATIONS 307, 109398 DOI:
10.1016/j.cpc.2024.109398

7. G.Franciosini et al., IOeRT conventional and FLASH treatment planning system
implementation exploiting fast GPU Monte Carlo: The case of breast cancer (2024) Physica
Medica 121, 103346 DOI: 10.1016/j.ejmp.2024.103346 Open Access

()

Fascicolo speciale de Il Nuovo Cimento -

Colloquia an mmunications in Physics
Migliori Comunicazioni

Congresso Nazionale
SIF 2025, Sezione 5

INNOVATIVE APPLICATIONS OF HIGH-Z
DOPED PLASTIC SCINTILLATORS IN
RADIOMETABOLIC DOSIMETRY: THE
ReSPECT AND TRONDHEIM PROJECTS

Master Thesis in 2025/2026: Flavia Allegra,
Johannes Elias Maria Deister, Luana Testa, Laura
Frassi, Mattia Stefanini, Giorgio Splendiani.
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Milestones
IMAGING/DOSIMETRY 1. 2026 Dosimeter prototype.

TREATMENTS TOOLS In the context of wearable diagnostic imaging,

characterisation of the first dosimeter prototype using

SECONDARY NUCLEAR FRAGMENTATION

2. 2026 First measurements with a fibre tracker.

In the context of evaluating the potential of a fibre tracker
read out by a camera: beam measurements,
fragmentation product tracks, and neural network—-based
dose reconstruction.

3. 2026 Fragmentation measurements with FOOT.

Preliminary results on isotopic fragmentation cross
sections for C+C interactions at 200 MeV/u.

4. 2027 Fibre tracker optimisation.

A lot of hardware work | Study of the expected performance of a scintillating fibre
Is waiting for a spa'ce N tracker, definition of the required readout system, and
new CREF lab! detector dimensions.
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Be like a neutron..keep going




TREATEMNTS in UHDR
The value of the parameters FMF and

Dose thr. are correlated to the dose at

VHEE VHEE-FLAS the PTV: in particular conditions the

H H H dose absorbed by the 100% of the

PTV 08.392Y 08 32Y% PTV on the z-axis increases of 95%.
. (o) . (o)

Duodenum 35.11 Gy 31.06 Gy

1 it D < Dr
FMF = :

Stomach 33.28 Gy 29.97 Gy

1— FMF™) 82  FMF™"™ if D > Dr

O Study the performances achievable in UHDR condition is
done assuming plausible conditions to trigger the FLASH
effect, extracting the already measured spearing

_ - The TPS optim'\satio
parameters. The results obtained so far suggest that it is

task, many parame trained a the

possible to escalate the PTV dose without increasing controlled and constr e ytically’
OAR damage. same time, up 10 NOW 00 oe my
Profiting from t\\:e a‘::joes“ we are

o Pancreatic tumour: five fields were used, with a “cﬂmp‘eﬁhgopotenﬁahw of u§'mg
PT3| prescription to the PTV of 30 Gy in 5 fractions. St“‘_‘y‘;gﬁo o methodologies den\:m
(1)(:::\“ optimal trans ort ﬂ\eﬂf‘x g for

o Crucial to minimise radiation-induced toxicity to the ;tatistiﬁa‘ mechanics; allow
nearby duodenum. volumetric optimisation.
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NEUTRONI

Responsabile Scientifico Michela Marafini



14% 2T_0,3.MDAC 14% 2N 14% 2NTD 14% 1N_0,3.MDAC 14% 2B_0,3.MDAC

The samples have been tested with different sources and the Compton edge has been

This shape has been chosen to be light and used to perform a calibration study.
“portable”. The final idea is to add Hi-Z element, if
possible, in those samples. Before characterising
the “doped” element we need to fully characterise
the “pure” ones. The light output is important is
absolute but we keep in mind that the aim is to
ensure the possibility of add Hi-Z elements.

Signals are fast, all in 20 ns

For ~100 keV photons we have both Compton
and photoelectric effect in “pure samples.
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Example. Spectra of 1N with
different sources.

MEASUREMENTS WITH GAMMA SOURCES
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