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Distribution of biomarkers labelled with a
radioactive isotope which undergoes (*-
decay

Emitted e* annihilates in the tissue producing
two collinear 511 keV gammas (e* e —2y)

Detect such energetic photons in
coincidence via scintillating crystals:
high gamma attenuation, light yield,
probability of photoelectric effects and
fast decay time
LYSO ( Lutetium Oxyorthosilicate) shows
the best compromise
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The image quality (SNR) can be drastical
improved by using time of flight (TOF
information to estimate the emissic
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FAST TIME SCINTILLATING NANOCRYSTALS

Typical perovskite chemical formula ABX;

9 A: cation, organic (i.e. CH3NH5*, CH(NH,),")
or inorganic (i.e. Cs*, Rb*)
B: metal cation (i.e. Pb?, Sn?*, Ge?)
¥ X: halogen anion (i.e. F, CI,, Br, I)

Fanizza et al. N

'spectrum of lead halide perovskites ® Perovskite Material ABX.
T —v— — . high mobility lifetime
large bulk resistc

High shot

CsPb(Cl/Br), CsPb(I/Br),
CsPbCl, CsPbBr, CsPbl,

FWHM Possibility to synthesize 3D nano-dots, nano-wire-and
12nm-42nm -

nano-plates

Norm. PL

400 450 500 550 600 650 700 750

Wavelength (nm)
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1 Photoelectric conversion 2 Recoil e- travel path

511keV | |
gamma ! > e./j

e 7 For some events, the energy of the recoil e-

. . . J
Y v high-Z scintillator (100-200 um) ., can be deposited in both materials
fast scintillator
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GaGG:Ce:Mg

BC422+BGO
. BC422+LYSO

» BC-422
Zn0:Ga-PS

. CdSe+LYSO

1000 10000 100000

Ligth output (ph/MeV)

ultra-fast scintillators for medical
applications and HEP (

)
doped plastic scintillators

(Aidalnnova)

Despite the low light output, the timing
obtained is at the level of state-of-the-art
inorganic scintillators,
leaving a rather large room for
optimization.




Possible collaboration with CNR-IPCF

B Synthesis and Characterization Heterostructures F

Hot injection synthesis

PUMP

( ‘ N, N, s ;
| ‘ 'Cs-oleate i 5
e - . B
@1(»@ >

PbBr,, Ligands Ice
Octadecene (ODE) bath

® Dispersion into polymeric host matrix
® Perovskite NCs solid-state films depositions for
scintillator device fabrications:

PL/Counts

Polar solvent-free ligand assisted reprecipitation

O  Drop-casting (CNR)
2 rPe/lt-l Q . .
centofugation Uk/”g Centrifugation O S p In cod 1- N g ( C N R )
[ e J o Laser Ablation (INFN-Le and Unile)

Fig. 2: Scheme of the synthetic approaches for the preparation of colloidal perovskite NCs with tuneable
size and shape. TEM (scalebar 50 nm) and SEM-FEG characterization of the perovskites. Time decay
recombination of nanocomposites with PMMA and PS host matrices and structure of the PVK NCs.
Picture under UV light of colloidal NC solution and film.

IPCF

[stituto per i Processi



ADC
(Caen digitizer

_ Collimator

Facilities and Synergies:

Amplifier  Stop signal - TDC

/

External

Trigger
(Start Signal)

X-Ray Tube

S. Gundacker et al 2016 Phys. Med. Biol. 61 2802

https:/ /cds.cern.ch /record /2840754 /files /document.pdf

Setup for timing detector characterization

aiming at measuring:
Pulsed Laser


https://cds.cern.ch/record/2840754/files/document.pdf

UNDED PROJECTS / INFN-COLLABORATIONS

{ QUASIMODO

- Our department has been granted funds for the project “Quantum Sensing and Modeling for One Health (QuaSiModO)”.

- Collaboration: CNR-Bari (perovskites synthesis and deposition).

- Facilities dedicated to these activities are foreseen within this project. We are building the setup to characterize the time performance of the scintillator using pulsed
X-rays.

- 5-years starting from 2023. Funded about 200k euro for instrumentation and consumables

PRIN-PNRR

- Our group has been granted funds for the project “Development of Ultra-fast Perovskites ScinTillAtoR for TOF-PET (UPSTART)” Collaboration: CNR-Bari
(perovskites synthesis and deposition), INFN-Lecce (deposition using laser ablation)
- 2-years starting from Nov 2023. Funded a 2-years post-doc contract and about 20k of instrumentation/consumables

SHINE

- Existing INFN-project “Plastic Scintillators Phantom via additive manufacturing techniques” (Responsible Anna Paola Caricato INFN-Lecce)
- Perovskite-polymer nanocomposite and polysiloxanes-based resin for 3D-printable scintillators.

- Collaboration: INFN-Lecce, LNFN-LNS, TIFPA

- 3-years starting from 2023. INFN-Bari involved in SHINE this year (2024). Funded 3k for SiPM and other consumables.




Depth-dose distribution for X-rays,
protons and carbon ions

carbon ] ions
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BEAM QUALITY ASSURANCE (QA) IN PBT

Each proton therapy centre has a rich program of Quality Assurance (QA) controls
necessary to ensure a safe freatment to the patient.

QA checks are:
* Daily
* Monthly
e Annually

Daily checks include the
measurement of beam parameters IZ> Daily beam QA checks are time-consuming

such as the proton beam range,
spot size, spot position and dose.

operations (~44 min/day/treatment room).
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BEAM DAILY QA STATUS OF ART

Commercially available devices are:
* IBA Giraffe detector for the Bragg peak
measurement in a one single proton beam shot. It

suitable for pencil beams.
* IBA Lynx detector for beam spot characterization

(Main) Disadvantages:
Fast acquisition time but long setup time

No device exists to make simultaneous
measurements of different beam parameters
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® FLASH radiotherapy: new radiation delivery technique at ultra-

. high dose rate (>40 Gy/s) using short-duration pulses.

CONV FLASH
® FLASH effect: reduces the trauma to normal tissue around the ? ?
tumour, whilst equalling the anti-tumour effect of conventional > .
. >
dose rate radiotherapy. v 4 N
> v »
® Commercial Dosimetric Detectors: Healthy tissue Healthy tissue
O Radiochromic films and Alanine (passive detectors, no online p W
measurements) W 7>
Vasculature Vasculature
O Scintillators (dose rate independent) Tty e fuxicliy
O lonization Chambers (dose rate dependent)
/A =ROS

® No Dosimetric protocol available for FLASH

e None of the existing QA device is scalable at
FLASH rate.



A NOVEL INTEGRATED DETECTOR FOR
PROTON BEAM QA

® Development of an integrated system for
FLASH proton beam QA

O Scintillating fibers beam monitoring to

measure the beam spot size and
position

O Integration with a range module made

of a stack of plastic scintillator sheets
to measure the depth-dose profile [1]
(collaboration with University College

London)

N -



https://iopscience.iop.org/article/10.1088/1361-6560/ab9415/pdf

FUNDED PROJECTS / INFN-COLLABORATIONS |

l o FUTURE PLANS

® Main challenges will ;

& <« of range mod!.
( FLASH Radiotherapy with high = e Testthei e

Dose-rate particle beAms

/)
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SPOC - SPect for Online boron dose verification in- 4
bnCt (Boron Neutron Capture Therapy)

|A.

G. Pugliese (RL), G. Bruno, G. laselli, D. Ramos Lopez,
N. Ferrara
on behalf of SPOC collaboration

Sezione INFN e Politecnico di Bari

Email: gabriella.pugliese@ba.infn.it
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E_ = 1.47 MeV

Boron Neutron Capture Therapy (BNCT) ,. ¢

Tumor cells are loaded with 19B-enriched molecules and then

irradiated with thermal neutrons

Neutron undergo to capture reaction with boron-10:

10B(n,alpha)’Li

Energetic charged particles released by reaction produce : . :
damage to the tumour cells. In recent years BNCT has re-gained significant attention

and investments thanks to the development of
et S gr—— accelerator-based BNCT (AB-BNCT) facilities [1].
ltalian projects:
CNAO
Anthem @ Caserta

Boron compounds are Irradiation of Within a cancer cell, Only cancer cells are [1] Advances in Boron Neutron Capture Therapy. in Non-serial Publicati Vi .
taken into cancer cells thermal neutrons. the nuclear reaction of destroyed. p DRI Sena LupIcatons. vienna.
selectively. Berinand s:redkin INTERNATIONAL ATOMIC ENERGY AGENCY, 2023. [Online]. Available:

generates radiation. https://www.iaea.org/publications/15339/advances-in-boron-neutron-capture-therapy

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023

A



https://www.iaea.org/publications/15339/advances-in-boron-neutron-capture-therapy

Boron Neutron Capture Therapy (BNCT)

Delivered dose is currently estimated offline using:
Direct/indirect measurements of Boron concentration in tissues (ICPS, PET)
Neutron flux in treatment room
Monte Carlo calculations

online SPECT imaging of 478-keV gamma rays
emitted by ’Li produced in capture reaction (personalized dosimetry).

Thermal

Good efficiency and energy resolution at 478keV (to separate it from neutron
511keV annihilation photons)

Spatial resolution: 5-10mm (limited by the collimator)

Possibly, extended efficiency up to 2.2MeV (H-capture) for neutron flux

estimation

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023




Aims of the Project

design a dedicated SPECT system for BNCT dose
verification, build the first prototype (few modules), and test it with realistic
irradiation conditions.

Proposed SPECT system:
Detector: gamma camera based on LaBr3(Ce+Sr) square crystal + SiPMs
Channel edge pinhole collimator
Optimized detector shielding to avoid detector activation
Unconventional scanner geometry due to constraints given by fixed
neutron beam
Modified image reconstruction algorithms to account for specific system

Tumour 5
geometry
with 18|

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023




Collaboration, Project Organization — Milestones

3 INFN Units Bari — Pavia — Milano (Pl)

WP1: Simulations of irradiation neutron fields and of gamma and neutron fluxes on the detector. Study
of shielding. Study of overall SPECT configuration (Polimi-Energia)

WP2: Development of the gamma-ray detector, electronics, collimation system and algorithms for the
gamma-ray position reconstruction. Development of the SPECT prototype. (Polimi-DEIB)

WP3:

WP4: Beam tests at nuclear reactor and with accelerator-based sources. (Pavia)

| Month:] 1-3 | 3-6 | 7-9 | 10-12]13-15] 16-18] 19-21] 21-24 | 25-27 | 28-30 | 31-33 | 34-36
I I

|
AN N N N T D U U 7] U N N
wed | [

2024

SPOC - SPect for Online boron dose verification in bnCt




The 3 years project is funded by INFN for about 96k Euro

The project will take profit of the synergy with the PRIN — PNRR
project with the tittle “Development of a SPECT (Single Photon Emission

Computed Tomography) detector prototype for dose measurements in

BNCT (Boron Neutron Capture Therapy) . Duration of the project: two year
(2024 — 2025) .
Collaboration: Politecnico di Milano (Pl), Univerista di Pavia, Politecnico di

Bari

Funded for about 270k Euro

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023




The VO Detector Prototype

Gamma-ray detection module:

Scintillator ' 2" cylindrical LaBr3(Ce+Sr) scintillator crystal
crystal | 4 arrays of 4x4 SiPMs
4 custom 16-channels GAMMA readout ASICs
W Data acquisition is managed by an FPGA.

Integrator
Filter

- 16-channel GAMMA ASIC x4
Scintillator
crystal
S siPM 1
€ matrix Gated
Current ate . K 2-bit ADCs|
Conveyor x4

[y | TS T | ey

Electroni
cs boards B8 N

L]
Global logic &

SPI Controller

Temperature
Measurement &
SiPM bias circuit

STM32F4
Microcontroller

SPOC - SPect for Online boron dose verification in bnCt




MC Simulations of Square Gamma Camera

Preliminary MC simulations performed to estimate
imaging capabilities of a Gamma camera based on
square LaBr3:
Channel edge pinhole collimator used for image
acquisition
Position estimation in the crystal performed with
artificial neural networks (input: SiPM signals /
output: x-y coordinates)
Training of the network performed by scanning
the crystal surface in 320 positions with a Tmm-
collimated 3’Cs source (662 keV)
The ANN is able to reconstruct the position of a
137Cs source in measurements acquired with
the pinhole collimator with a spatial resolution of
3.25mm

26/09/2023




RIPARTI - Feasibility study for the development of advanced techniques in neutron
beam radiotherapy

/- Collimator
/

Moderator: AlF; , Al , MgF, , CaF,, l.‘(" ((‘[(‘(K(‘
polyethylene r r

Filter: 7LiF
Collimator: Pb, polyethylene
Reflector: Pb

Filter Collimator

Moderator

Target
Reflector

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023




SPOKE 8 - Development of a Processing
Pipeline for Medical Images and Omics Data in
Patients with Pancreatic Cancer

Objectives

Image analysis for the study of neoplasms of internal organs with particular attention to pancreas neoplasms.
Extraction of data useful for the treatment of patients and to establish correlations with clinical data and genome.
Tools

Radiological images (before and after surgery), digitized biopsies, ultrasound, clinical picture, genomic sequencing.

Two main public datasets available as pipeline workflow input data . _ Used for training
+ Medical Segmentation Decathlon - Task07_Pancreas . . . ore samples

* Pancreas segmentation

> CPTAC'PDA ' ' ' helps during training

Used for test
* Generalization of the
* CPTAC-PDA model is assessed
* 134 segmented CT images * More complete
* Classes: tumor, background * Multi-omics analysis can
be validated using this
dataset

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023




SPOKE 8 - Development of a Processing

Pipeline for Medical Images and Omics Data in
Patients with Pancreatic Cancer

Preliminary results from segmentation models

examples from CPTAC-PDA

Example 1 (dice = 80.4% Example 2 (dice = 82.3%)

Mean dice score for the tumor class

MSD

validation e

PDA
set

SRSNet_v05

37.5% 42.1%
(ours)

nnU-Net (3d
model)

53.1% 46.7%

[ Tumor - manual segmentation (ground truth)
I Tumor - automatic segmentation

Il Pancreas - automatic segmentation

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023




PROGETTI CALCOLO IN
AMBITO HEALTH — BARI

GIACINTO DONVITO

slo e Servizio

-he lavora

% UNIBA

®* Centro NCIZI ale 5

’ EI|X|rXNextGenIT B ?
® Infrastruttura di ricerca per la realizzazione di una piattaforma nazionale di sequenziamento;
analisi e gestione dati. |
* ReCaS-Bari fornisce risorse e tecnologie cloud




‘ MANCHESTER cita = UNIVERSITAT .
3 Université NZL i
VIB 1824 L& Jniyersi Y BARCELONA
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ROGETTI EU o QY e

UroScienceGateway:
* START: 01/09/2022 || END 31/08/2025
* Obiettivo:

® Accessible e-Infrastructure resources for European scientists to enable pioneering data-driven research

across scientific domains.

Support the varieties of analysis types and diverse usage patterns through efficient and smart job
distribution to appropriate and sustainable infrastructures.

The application of FAIR principles to workflows and adoption of FAIR Digital Objects to stimulate reusable
and reproducible research and enable the EOSC Interoperability Framework.

® Adoption of the EuroScienceGateway by researchers in diverse scientific disciplines.

® EuroScienceGateway will leverage a distributed computing network across 13 European countries,
accessible via 6 national, user-friendly web portals, facilitating access to compute and storage
infrastructures across Europe as well as to data, tools, workflows and services that can be
customized to suit researchers’ needs. At the heart of the proposal workflows will integrate with
the EOSC-Core. Adoption, development and implementation of technologies to interoperate
across services, will allow researchers to produce high-quality FAIR data, available to all in EOSC.
Communities across disciplines -- Life Sciences, Climate and Biodiversity, Astrophysics, Materials
séience -- will demonstrate the bridge from EOSC's technical services to scientific analysis.
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DETERMINANTS OF PHYSICAL AND MENTAL HEALTH

Individual characteristics and
behaviours

Social and economic
environment

Sex and gender

Genetics

Personal behaviour
Psychological coping skills
Nutrition, lifestyle habits

Income and social status
Education

Social support networks
Culture, traditions, and beliefs
Health services

Employment and working conditions
Food and agriculture

Housing, transport, urbanisation
Waste, energy, industry

l

Physical and mental
health and wellbeing
outcomes




Exposome

Signs and Symptoms

~ Genome

Epigenome

“ Microbiome

* Other Types of Patient Data

“ % Individual Patients

Subclinical

® Risk factors

e Age of onset

e Prevalence

e Symptoms

® Biomarkers

® Progression and prognosis
e Effectiveness of treatments
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1500 1600 1700 1800 , 1900 2000

( Invasive imaging

Non-invasive imaging

0.01 1

0.001 4

0.0001 -

Single units

T — e - —

Calcium imaging * Electron microscopy

_Fusion imaging

Day




Social networks

Perception-action coupling
Brain-behavior interactions

- —
Whale-brain functional networks Diffusion MR imaging
(EEG, MEG, fMRI, fNIRS, ECOG) Histological tract tracing

.

-

Connectome networks

EM imaging
and reconstruction
Optical imaging

Metabolic pathways
1§ Interactome Transcriptional and gene
networks regulatory networks

Danielle S Bassett & Olaf Sporns, 20 (3) Nature 2017




®* Machine learning

® onc

* Reinforcem

* Process mining S

(physiological phenomena result from a
complex series of interactions that occur hierarchically)

P * temporal pattern discovery

® Dynamic interactions

® Emergence




THE BRAIN AS A COMPLEX SYSTEM

akge — scale observations:
imaging /electrophysiological
rdings

SYSTEM
localization of functn
behawour / symptoms

NETWORK

emergent propertes

NEURON

NMOINSIC Propertes

CURRENT
/CHANNEL

MOLECULE
pat hogeness,;
disegse process

Complexity and emergent
behaviour: cognitive and

physiological phenomena
result from a complex series
of interactions that occur
hierarchically.

Many components
Dynamic interactions
Emergence




Public large-scale validation studies

Segmentation and classification results can be exploited to design computer aided detection systems.
The lack of an unbiased comparison among different studies has motivated in recent years a . O
international challenges have been promoted to compare algorithms and methodologies within a com
framework.

Disease Module Identification
DREAM Challenge

Discover disease pathways in genomic networks

Preterm Birth Prediction: Microbiome

DREAM Challenge

D o — N sunford M
NICHD  wayNE STATE MICHIGAN MEDICINE @]’ sz d ‘C ampus ¢ University ‘
School of Medid

Challenge on Computer-Aided

Diagnosis of Dementia T j /
& i) p AR b Alzheimer's Disease Big Data DREAM Challenge }

y | /\ BrightFocus'  RayandDagmar Doy ~ raserrsmerms e
SANOFI [ Foundaton UL \ e Roscience il neuroscience
YANOQ

i ceuroted 0 A\ RUSHUNIVERSITY [P Alzheimer's A
S IR L 1AL CoNTER G S| Aewers 4

Study

"I Jf ’4‘; \ | o - ) L LA
f (A 2
A, i ) i | K ‘
i \ '\ ‘ @)y . . . .

L e Al ; A Machine learning neuroimaging challenge for automated
Erasmus MC, Rotterdarm, the Netherlands - | 1 i ﬂ / \V Al diagnOSiS Of M||d Cognitive |mpairment
http://caddementia.grand-challenge.org i ‘ J \“ . P

3 o edy ‘ o / Wi

e ladia

Eraspus MC

19 INTERNATIONAL CONFERENCE ON
NEDCAL IMAGE CONPUTING & MTOP

CONPUTER ASSISTED INTERVENTION

Mild Traumatic Brain Injury Outcome Prediction

Esther E. Bron, MSc
Marion Smits, MD, PhD

Prof. John C. van Swieten, MD, PhD
Prof. Wiro J. Niessen, PhD
Stefan Klein, PhD

f MCI from MRI data.

BOSTON MACH!NE EARNING CHA ENGE S ATOMTS International challenge for automated prediction of M
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/ ()
) m Challenge I: Challenge II:

| Project coordinator: no-so-big data explainable Al (XAl)
A. Retico, Pisa

Strategies for efficient learning with Make Al results understandable to
limited data samples. humans.

13 Research Units: Evaluation of robustness and Which image/data features are

Bari (S. Tangaro) reliability of trained models. relevant to make a decision?
Bologna (D. Remondini)

Cagliari (P. Oliva) . . .

Catania (M. Marrale) m Applications to real-world data samples include ....

Ferrara (G. Paterno) Evaluation of the robustness of radiomic Robust implementation of explainable Al methods Computing

Firenze (C. Talamonti) features in multiparametric MRI and its impact L B resources

Genova (A. Chincarini) on predictive value of Al models Tl and SW repository
Lab. Naz. Sud (G. Russo) o I 1. e = organization

Milano (C. Lenardi) e ReCas$, IBiSCo, INFN-
Napoli (G. Mettivier) s SERN Z i Cloud + local HW
Pavia (A. Lascialfari) ’ i = : - resources

Padova (A. Zucchetta) . ,

Pisa (M.E. Fantacci)

Exploitation
of research
: results and
MinMax Bin count: T — ==L z analysis H H
Lt = communication
Shap matrix . .
Ubaldi L, Saponaro S, Giuliano A, Talamonti C, Retico A. Deriving Lombardi A, Diacono D, Amoroso N, Biecek P, Monaco A, Bellantuono L, Conferences, pUbI|Cat|OnS
quantitative information from multiparametric MRI via Radiomics... ... Tangaro S, Bellotti R. A robust framework to investigate the reliability and Outreach,
Phys Medica 2023;107:102538 and stability of explainable artificial intelligence .... Brain Informatics CO”aboration with
https://doi.org/10.1016/j.ejmp.2023.102538. 2022; 9:17. https://doi.org/10.1186/540708-022-00165-5.

ASSOCIAZIONE ITALIANA
di FISICA MEDICA e SANITARIA

La Fisica al servizio della salute
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POS 2
RN: P. Oliva

The joint effort by the Medical Physics and High Energy
Physics communities led to the design of a dedicated
computing infrastructure which can link Clinical, Medical
Research and Technical Research Centers.

The INFN-cloud based computing infrastructure is:

- especially suited for training Al models

- equipped with secure storage and communication
systems (ISO/IEC 27001 27017 27018)

- compliant with data protection regulation (GDPR)

It would be able to accelerate the development and
extensive validation of Al-based solutions for Medical
Imaging.

PLATFORM

ertifiod INFN Cloud i :’ﬁ
.
.

G /
Y

PIANO OPERATIVO SALUTE

4

Rete Nazionale Pediatrica per il tele-monitoraggio e la tele-riabilitazione dei disturbi e delle disabilita del neurosviluppo tramite
I'individuazione e I'analisi di biomarker digitali, identificati tramite intelligenza artificiale

Kick-Off Meeting
2-3 Ottobre 2023




POS 3 - GENESIS ATI
wdio degli eventi GENEtici alla baSe della CarclnogeneSi in aree ad Alto Tasso
Inquinamento per tipologia produttiva

PARTNER

k'g IRCCS
| “= ISTITUTO ORTOPEDICO RIZZOLI
GENESIS -ATI e e
é e
Ay
Hiusa wiegs di

Studio degli eventi GENEtici alla baSe della carclnogeneSi in aree ad Alto Tasso
di Inquinamento per tipologia produttiva.

Obiettivo del progetto

Obiettivo del progetto e mettere in relazione i dati ambientali forniti da ARPA Sicilia,
relativi alla presenza di sostanze chimiche e alla loro concentrazione in acque superficiali
eprofonde, con i dati clinici di pazienti oncologici, gia presenti nel Registro Tumori gestito
dall’ASP di Ragusa; oltre all’analisi retrospettiva dei dati gia presenti nel database di ARPA
Siciia e nel Registro Tumori, il progetto prevede lattivazione di studi clinici condotti
dall’Universita di Palermo e dallo IOR con il coinvolgimento di soggetti residenti a zone a
risghio alto e basso, con lo scopo di creare un setting predittivo di potenziali malattie
tumorali correlate o comunque condizionate dalla presenza di agenti ambientali
inquinanti.










Istituto Nazionale di Fisica Nucleare Dipartimento di Matematica e Fisica

. “Ennio De Giorgi”

Anna Paola

3 years experiment
INFN Units participating in SHINE: Lecce, Ba, LNL, TIFPA
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Introduction/motivation

DEMAND: advanced scintillating materials with high detection performances an
complex geometries and architectures.

Future upgrades of the CERN LHC experiments have increased the interest in scmtl
high aspect ratio geometry '

Now (SHASHLIK modules) Tomotiol (SPAC

C—D scintillator GE® mirror
G absorber GEE light guide

After LS4 (2035)
increased luminosity

- dose up to ~1MGy

front back
—» Beam direction

Pb absorber and organic fibers (near the ifiner
o region)



Introduction/motivation

DEMAND: advanced scintillating materials with high detection performances

complex geometries and architectures.
Future upgrades of the CERN LHC experiments have increased the interest in scm ill

high aspect ratio geometry

1 — Zg:;ilkl)ztror — > ”;Lrto;uide
PMT PMT
Requirements: i
( - Radiation hard (up to 100 — 200 kGy) and
scintillating materials (comparable

polystyrene based scintillators, €
eeeeeeeeee B . que .

fot
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Introduction/motivation

DEMAND: advanced scintillating materials with high detection performances

complex geometries and architectures.
Future upgrades of the CERN LHC experiments have increased the interest in scin

high aspect ratio geometry
Longer term LHC schedule

O
2021 2022 2023 D{ 2024 2025 2026 D‘ 2027 D‘ 2028 2029
J[FMAM) ) AIS|OIND]) FMAMD]J[Als ONDI[FMAM ) ) ASOINID [FMAM )3 [AIS|ON D) FIMAM) [) A'SIOND|) M) JAISIOND) F r ASONDD[FMAM ) [AISIOIND) FMAM) ) ASOND
l l l [ [ I ‘ I I l I D scintillator = cEEED mirror
RunﬁT Long Shutdown 3 (|_53) @ absorber === light guide
s setting of Pb and W SPACAL
% i with plastic fibers g
2030 2031 2032 2033 2034 2035 2036 2037 2038
J|FMAM) )Asi()l*«] ) FMAM)J|AISOND{) FMAM) ) ASOINIDI FMAM)|) ASO}NDI)[FIMAMJ ] ASOND|FMAM)J|AISOND|) FMA ‘J.)_ASQNl )lF[M_AM ) J|AlSloINDl) FMAM)D|) ASOND
| [T ITITT T
Shutdown/Technical stop
Protons physics

lons
Commissioning with beam
Hardware commissioning/magnet training




Introduction /motivation I

s
1

1 scintillators
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New and promising

materials 7 [\>
- Perovskite Material ABX;, | .

manufacturing using perovskite-polymer nanocomposite and polysiloxane materials for
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Perovskite (ABX,)

Photovoltaics

A® x@® B o

A: cation, organic (i.e. CH3N 13
or inorganic (i.e. Cs*, Rb*)
B: metal cation (i.e. Pb2*, Sn2*, Ge2*)

Bt
¢: halogen anion (i.e. F, Cl-, Br, I) B

arge stopping power; high
ility-lifetime product; fast response (~ ns);
rge bulk resistance

/O



itive manufacturing (AM)

/16
AM is a class of promising machineries that produce objects starting from computer-aided design

O(CAD) mod
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itive manufacturing (SLA)

Stereolithography (SLA)

Elevator—

htipst/ ) www.youtube.com /watch2v=5L5vdpklrtU

2018. Antimicrobial modified hydroxyapatite composite dental bite by
stereolithography Makvandi, P., Corcione, C.E., Paladini, F., (...), Pollini, M.,
Maffezzoli, A., Polymers for Advanced Technologies, 29(1), pp. 364-371



https://www.youtube.com/watch?v=5L5vdpklrtU

Project organization and methodology

4 )

Curve reclogiche fhudo Newtonano

WP2 Characterization of produced scintillators by AM
(LNL, TIFPA)

2.1 Tests under irradiation T T

3.1 Radiotherapy
applications



SUMMURIZING

tive plastic
posite  and

| formulation with suitable

Transp: comparable with commercial
scintillators o

PROOF OF CONCEPT: |
detector with a typical shape ¢ a Jed on a dedicated phantom which

can mimic the typical human movemer g.: nd able to prowde in real time a 3D information
e dynamics of the dose dls'rrlbu'rlon dellvered to the movmg target.

SpaCal configuration)




Project

AT-SVB

Airborne Transmission of SARS-Ceg
'« Viruses and Bacteria in workp

~ 2-year experiment (2021-2 2

R

Istituto Nazionale di Fisica Nucleare



main goals AT-SVB Project

)4 bf the
SARS-CoV-2 and other airborne pathogens in workplaces ,atories,

airborne pathogens, size distribution and

T rosol particles meteorological parameters , temperature,

relativ workplace aeration condition | ration, air exchange,
itoring operation

conditions e
> Identify possible ‘bacterial transmission routes (R R ER g Iu |
workplaces by collecting both - i outdo
» (Develop at scheduled times

CEDAD
CEntro di Fisica applicata, DAtazione e Diagnostica

Istituto Nazionale di Fisica Nucleare
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18 aerosol samples collected by means of the ACD-
200 Bobcat from September 2020 to January 2021.

o 4 samples in the High Energy Laboratory (denoted by “AE”)

o 5 samples in the Electronics Laboratory (denoted by “R”)

o 4 samples in the corridors of the Mathematics and Physics
Department (denoted by “C”).

ot RO * 5 samples were, instead, collected from outdoor environments,
sics Department, University of namely the Department roof, and were denoted by “F”.

atmos, )h(’l'(’ N
| - / MoP

Article
Characterization of the Airborne Microbiome in Different Indoor
and Outdoor Locations of a University Building Using an
Innovative Compositional Data Analysis Approach

MAIN GOAL
% Comparing the airborne microbiome from
different indoor and outdoor locations and
identify potential pathogens using a
compositional data approach

Mattia Fragola 1203, Salvatore Romano 2*(, Dalila Peccarrisi !, Adelfia Tala ?, Pietro Alifano 3,
Alessandro Buccolieri (9, Gianluca Quarta '2© and Lucio Calcagnile 2




21 bacterial species (out of 5903 in total)
- were chosen among those characterized by
 the largest number of reads in every sample
~and detected at least in 40% of the 18
~analysed samples

Thermus scotoductus
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Risultati e Conclusioni

1) Caratterizzazione delle comunita batteriche /virali presenti nei -atmosphere m\'\’fﬂ
campioni di aerosol monitorati tramite codici numerici -

Article

Characterization of the Airborne Microbiome in Different
Indoor and Outdoor Locations of a University Building Using
an Innovative Compositional Data Analysis Approach

appositamente predisposti

2) Re p O rt S U i Ca m p i O n a m e nti Effett U ati i n Mattia Fragola 1%, Salvatore Romano '2*, Dalila Peccarrisi !, Adelfia Tala 3, Pietro Alifano 3,
N S Alessandro Buccolieri 12, Gianluca Quarta 12 and Lucio Calcagnile 12
ambienti indoor nel corso del progetto By

ione della composizioni chimica, della struttura

listribuzione dimensionale dell’aerosol

s ipal Investigator E-mail

Rieancaidationline con iy salvatore.romano@unisalento.it



Le attivita di ricerca ed i risultati conseguiti dal progetto INFN AT-SVB avranno seguito
nell’lambito dei seguenti progetti ed infrastrutture:

1) Progetto BIO-MASTER (B/Oaerosol Monitoring And classification: development of a
Standardized procedure by integrating different data analysis Techniques and Experimental (, I
Research methodologies) finanziato dal Ministero dell’'Universitd e della Ricerca mediante il

“Fondo per il Programma Nazionale di Ricerca e Progetti di Rilevante Interesse Nazionale

(PRIN)” per il biennio ottobre 2023 — settembre 2025. Soggetti partecipanti: Universita del 4

Salento e CNR-IRET. 4

roge’r'ro ITINERIS - Italian Integrated Environmental Research Infrastructures System
ito dal CNR IMAA (triennio novembre 2022 — ottobre 2025) ITINERIS

Italian Integrated Environmental Research Infrastructures System

e rea europec' ACTRIS (Aerosol, Clouds and Trace
RIS-IT

A@TRIS AAGTRIN

ITALIA

Exploring the Atmosphere
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*Series of optically isolated polystyrene scintillator sheets of size: 10 cmX10 cm X 3 mm.
*Photodiodes coupled to fast, modular ADC electronics read light levels at over 5 kHz.
*Measure depth-light curve to reconstruct Bragg depth-dose and proton range with accuracy <
0.5mm.

*Modular design: one detector module (32 sheets, 26 mm total depth) can test pencil beam
energies between 70—130 MeV. Possibility to daisy chain to cover the full clinical energy range.

*Real-time range reconstruction: 6 kHz data-rate, 40 Hz range fitting.



Range QA measurements for FLASH proton
therapy using the Quality Assurance Range
Calorimeter

Saad Shaikh’, Sonia Escribano-Rodriguez', Raffaclla Radogna®,
Connor Godden', Matthew Warren', Derek Attree', Ruben
Saakyan', Samuel Manger®*, Nicholas Henthorn®!,
John-William Warmenhoven?®!, Michael Taylor?!, Karen
Kirkby*!, Marc-Jan van Goethem?®, Alexander Gerbershagen®,
Simon Jolly'

"Department of Physics and Astronomy, University College London, London, UK
2Department of Physics, University of Bari, Bari, Ttaly

3Division of Cancer Sciences, School of Medical Sciences, Faculty of Biology,
Medicine and Health, The University of Manchester, Manchester, UK

4The Christie NHS Foundation Trust, Manchester Academic Health Science Centre,

Manchester, UK
SPARTREC, UMCG, University of Groningen, The Netherlands

E-mail: saad.shaikhQucl.ac.uk

Abstract. The purpose of this work was to demonstrate the design and performance
of a full-sized clinical prototype of the Quality Assurance Range Calorimeter (QuARC):
a segmented large-volume scintillator-based detector for fast, accurate proton range
quality assurance (QA) measurements. The detector used 128 scintillator sheets
of size 105 x 105 x 3mm arranged into 4 modules of 32 sheets, where each sheet
was directly coupled to a photodiode. Fast analogue-to-digital conversion facilitated
measurement of scintillator sheet light output to 20-bit precision at 6kHz, with a
dynamic range of up to 350 pC. Proton range measurements with the full-size detector
were performed at The Christie at clinical (approx. 1nA nozzle current) dose-rates,
where the range accuracy of the QUARC was found to be within 0.4mm of facility
reference across the full clinical energy range. The QuUARC was successfully able to
perform range measurements of the 245 MeV beam at FLASH dose-rate (approx. 50nA
nozzle current), where the fitted range agreed with the clinical current measurement
to 0.3mm. Follow-up measurements with 2 detector modules at UMCG PARTREC
investigated the linearity of the scintillator light output with beam current, which
found non-linearity effects of up to 25% between beam energies of 60-150 MeV.
Several convoluted variables are discussed as possible causes to this effect as well as
improvements to the detector design for future experiments.

proton therapy, plastic scintillator, FLASH, quality assurance

Submitted to: Phys. Med. Biol.




BEAM TRACKER

The potential for an integrated QA solution for FLASH PBT

® First detector prototype now produced in 2023 and under test @INFN-Bq"
® 10cm x 10 cm arrays made of BCF-60 plastic scintillating fibers by 'rh;"'

0.50 mm diameter.

N ) ~ emission peak at 530 nm.
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Project Organization — Milestones

4

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023
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Publications

https://doi.org/10.3390/cancers15143582

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023



https://doi.org/10.3390/cancers15143582

ENTER_BNCT

TP
Accuracy = TP FP

TP
TP+FN

- First Scattering

Sensitivity =

E, %] Photon Absorption

SPOC - SPect for Online boron dose verification in bnCt 26/09/2023




Data augmentation + Trasfer Learning

ResNet50 model

5 point-like on air

T/N =2

Cubic on air

TN=5

Point-like on air

Spheric on air

SPOC - SPect for Online boron dose verification in bnCt

‘ ‘ Property ‘ Value
Layers 206 x 1 Layer
Connections | 227 x 2 table
| InputNames ‘ 1x1cell
1x1cell

| OutputNames

Ring on tissue

O

5 point-like on tissue
Cubic on air
point-like on air
Ring on tissue
Spheric T/N =
Spheric T/N =5
Spheric on air

Overlap

Ground truth

Source

reconstructed

Accuracy
3.81%
86.09%
0.55%
13.46%
4.83%
3.81%

99.73%

26/09/2023

Sensitivity
100%
96.27%
100%
59.20%
100%
100%
77.99%




