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To maintain the advantages of the TEPC and overcome the disadvantaées, we propose the
design for a new microdosimeter:

HDM = TEPC + 4 layers of LGADs

LGAD (Low Gain Avalanche
Detectors) are Silicon strip detectors
recently developed. They can detect
particles in a wide LET range with
improved accuracy for timing and
tracking measurements.

With 4 layers of LGAD, 2 oriented 2 in the X and 2 in the Y planes, we can reconstruct the
track of the particle traversed in the TEPC with an accuracy of 300 um. This feature
improves the TECP spatial resolution and allow to calculate the actual length I of each
particle without using the mean chord approximation.
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Working Packages

T

WP Microdosimetry (Leader: G. Petringa) WP Simulations and radiobiology

Intercomparison ® Radiobiological experimental tests
® Mini-TEPC (INFN-LNL) adopting the same condition of

@ Nano-TEPC (INFN-LNL) detector irradiation

® Nano-TEPC (INFN-MI) ® Development of a new biological
B Si-Telescope (INFN-MI) model based on the track length

®@ MicroPlus (INFN-LNS)

@ TEPC (INFN-TIFPA)

® SiC (INFN-LNS)

New detector
® Preliminary with LGAD and TEPC
B Assembling
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Working Packages
_a 4
LNS-FTE: 2.3

Giusi Forte

Luigi Minafra
Francesco Cammarata
Giorgio Russo

Giada Petringa

Richieste

Oscilloscopio programmabile
con generatore di funzioni 1 5 k€

PCB preamplificatore
e Alimentatore portatile 5k€

G. Petringa - INFN-LNS (Italy) - giada.petringa@Ins.infn.it



PRAGUE
Proton RANGe measure

Using silicon carbidE
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Protontherapy: proton range verification
B

Worldwide number of patients and protontherapy centers
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Dose deposition highly sensitive to range

variations. Strong request of accurate range

verification

Faster and safer? FLASH ultra-high dose rate
in radiotherapy

TMARCO DURANTE, PhD, 2ELKE BRAUER-KRISCH, PhD and 3MARK HILL, PhD

'National laboratories, Trento Institute for Fundamental Physics and Applications (TIFPA), National Institute of Nuclear Physics (INFN),

University of Trento, Trento, Italy
2National laboratories, ESRF-The European Synchrotron, Grenoble, France

3Department of Oncology, CRUK/MRC Oxford Institute for Radiation Oncology, Gray Laboratories, University of Oxford, Oxford, UK

Daily quality accuracy:

Fast and precise systems
High spatial resolution

High reproducibility

OO 0O O

Dose-rate and LET independent
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DOSIMETRY
ﬁ

, B
Multl—layer lonization
. Chambers Multi L
Water tank with a ult Scintillator stack
. Faraday Cups
motorized system
Detector Advantage Disadvantage Spatial resolution
Water Tank and Linear response, LET and dose rate dependent, high time
SR : . ~0.20 mm
ionization chamber energy independent consuming
MultiLayer lonization | Linear response, LET and =~ dose rate dependent, low spatial
: . ~ 1 mm
Chamber energy independent resolution (order of mm)
Linear response, LET and : :
. ! low spatial resolution (order of mm),
Multi Layer Faradaycup energy independent, hi . ~ 1 mm
: igh activation amount
dose rate independent
Scintillator stack ngfl). spatial resolution, LET and epergy—dependent, low 0.25 mm
inear response radiation hardness
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PRAGUE objectives

PRAGUE
Proton RAnGe measure Using silicon Carbide

Realize the first on-line dosimeter for conventional and laser-
driven ion beams based on a new generation of Silicon Carbide

dose rate independent

LET independent

linear responce with absorbed dose
higher spatial resolution

saving time
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Adopted detectors <i

Istituto Nazionale di Fisica Nucleare

Call project fundend by
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Preliminary Dosimetric Characterization ¢ N*N
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PRAGUE detector

PRAGUE
Proton RAnGe measure Using silicon Carbide

Incident
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Activity Description

S
- ™

PRAGUE

1000
- y,
Simulations Detectors Characterizations and tests
— Case design i izati
8 Standard SIC realization Conventional clinical proton beam
1101 1201
1301
Unfolding procedure New SiC realization
1102 1202
- Laser-driven proton beam
1302
b Case realization
1203

G. Petringa - INFN-LNS (Italy) - giada.petringa@Ins.infn.it

Assembling
1204

Electronic chain
1205




Milestones 2020

2

Deadline

Descrizione

Status

30 Giugno 2020

Design delle maschere

6 mesi di ritardo

30 Settembre 2020

Definizione dell’elettronica

3 mesi di ritardo

31 Ottobre 2020

Test su fascio di prototipi gia
disponibili

Completata all’80%

31 Dicembre 2020

Caratterizzazione di prototipi su
fetta

1 anno di ritardo
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Exp. Run - Flash Condition INFN

Istituto Nazionale di Fisica Nucleare

proton 62 MeV - Full Energy

Beam current: 1- 50 nA

Shot time: 10ms - 200ms
Beam Collimator: 1x1cm?2
Detector Collimator: 5x5 mm?2

Detector (ST): T0um - 1x1cm?2
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Dose Linarity - Flash Condition
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NIRVANA
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NAnhodosimetria
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Linear Energy Iransfer
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Linear Energy Transfer CINPN
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Linear Energy Iransfer
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New binary reactions

Proton therapy pB and pF therapy
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Understanding the effect from different point of view (CINFN

Istituto Nazionale di Fisica Nucleare

WP1 WP3
MODELLING MICRODOSIMETRY

ROMAGS, LNS, TIFPA LNL,LNS, Mi

A
A .Attili S. Agosteo
E. Scifoni

C. La Tessa

WP5
EXPERIMENTAL
ACTIVITIES

TIFPA,LNS

WP4
RADIOBIOLOGY

NA,LNS, PV

. Manti

G. Cuttone

\ 4 \/

WP2
IMAGING WPO
& COORDINATION
R. Faccini QUANTIFICATION LNS
S. Bortollussi ROMAT, NA, PV
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Status of the project

Aug |Sep |Oct |Nov [Dec Jan |Feb | Mar | Apr | May | Jun

ul |Aug|Sep |Oct [Nov|Dec Jan |Feb |Mar [Apr (May Jun |Jul |Aug |Sep [Oct |Nov|Dec

WG Activity/Month

0 |MO0.1: WPs management agreement (Report)

0 |MO0.2: Project web-site

0 |DO0.1: Status report

0 |MO0.3: Collaboration meeting

0 |DO0.2: Status report

0 |MO0.4: Collaboration meeting

0 |DO0.3: Status report

0 |MO0.5: Collaboration meeting

1 D1.1: Implementation of MC simulations (Geand) for p+11B and p+19F nuclear
reaction spectra generated in the experimental setup

1 |M1.1: Integration of the simulated spectra evaluated in M1.1 in the MKM

1 D1.2: Implementation of Geant4-DNA and TRAX-CHEM simulations starting from the
spectra obtained in (1.a)

1 |M1.2: Inclusion of the bystander effect in the simulations developed in D1.1 and M1.1

1 M1.3: Comparison between simulation data D1.1 and experimental data taken by WP2.
Inclusion of the experimental data (cell survival) in the radiobiological simulations

1 M1.4: Ci ison bety 1 simulation data D1.1 and experimental data taken by WP2.
Inclusion of the experimental data (cell survival) taken by WP4

1 M1.5: Comparison between simulation data D1.1 and experimental data taken by WP2.
Inclusion of the experimental data (ROS production) taken by WP4
M1.6: Comparison between simulation data (D1.1, M1.3, D1.2 and M1.5) and

1 |experimental data taken by WP2. Inclusion of the experimental data (cell survival,
DSB,CA foci) taken by WP4

1 M1.7: Comparison between simulation data M1.3 and experimental data taken by
WP2. Inclusion of the experimental data (cell survival, DSB,CA foci) taken by WP4

2 M2.1.1: Measurement of concentrations of borated and fluorinated compounds in in-
vitro tests, via neutron autoradiography and LC-HR/MS

2 |M2.1.2: Ex-vivo test on mice models
M2.2.3: Implementation of SDR

2 D2.1: Establish t of a procedure for the ement of the concentration of
borated and fluorinated compound in in-vitro tests (18Months)

2 |M2.2.2: Read out optimization

2 |M2.2.3: Design of optimized antenna

2 |M2.3.1: Data analysis

2 |M2.3.2: Multivariate analysis

2 D2.2: Optimization of sensitivity of 19-F MRI by means of hardware and software
improvements

3 M3.1: Preliminary measurements with silicon telescopes and TEPCs with available B
converters

3 |M3.2: Design of TE plastics containing B-11 and F for TEPC walls and SiC converts

3 D3.1: Microdosimetric spectra from the measurement at LNS with the already
available detectors (for WP1 and WP4)

3 |M3.3: Continuation of preliminary measurements with silicon telescopes and TEPCs

3 |M3.4: Set-up of SiCs and of the new telescope configurations

3 |M3.5: Measurements with Si telescopes, SiCs, mini TEPCs with and without B-11

3 |M3.6: Measurements with avalanche confinement TEPCs with and without B-11

3 D3.2: Microdosimetric spectra with the avalanche confinement detectors simulating
different site sizes (for WP1)

3 |D3.3: Microdosimetric spectra and scatter-plots with F loaded converters

3 |M3.7 Measurements with Si telescopes, SiCs with and without F

3 |M3.8 Measurements with avalanche confinement TEPCs with and without F

D4.1: Corroboration of proton biological enhancement by p-B in previously tested cell
systems (MCF-10 and DU145 cells)

M4.1: Task 4.1 Radiobiological characterization of PANC-1 and BJ cells

D4.2: Preliminary results on enhancement of proton beam effectiveness by p-B and p-
F on PANC-1 and BJ cells. Testing carrier concentrations from WP2

M4.2: Task 4.2 Irradiations along high-energy proton SOBPs. Studies of ROS, repair

p and Clu d Lesi (CL) sig

D4.3: Results on high-LET radiation induced CL as effector of proton biological
enhancement by p-B and p-F reactions. Cell survival studies with BNCT

M4.3: Task 4.3 & 4.4 Preliminary irradiations with low-energy monochromatic proton
beams and medium-transfer experiment to assess bystander effects

M4.4: Task 4.1 & 4.2 Corroboration of data from experiments along SOBP and
monoenergetic proton beams. Relationship with modeling results (WP.1)

M4.5: Task 4.3 & Task 4.4 Corroboration of data on bystander effect and CL-elicited
responses (ROS, repair pathways, foci, micronuclei, chromosome aberrations,
senescence). Relationship with micro/nano dosimetry results (WP3)

D4.4 Confirmation of nuclear reaction-driven enh 1t of proton biological
effectiveness and identification of associated specific CL biomarkers. Elucidation af
the underlying biophysical processes and role of bystander effect

M5.1 Definition criteria and guidelines to be followed during the experimental
activities (collaboration with WP1)

M5.2 Planification of the experimental activity of the following 6 months
D5.1 Report on experimental criteria to be followed

D5.2: Summary report of all experimental activities carried out by WP2,WP3 and WP$
within the second year of activities

M5.3: Planification of the experimental activity of the following 6 months

D5.3: Summary report of all experimental activities carried out by WP2,WP3 and WP$
within the second year of activities

M5.4: Planification of the experimental activity of the following 6 months

D5.4: Summary report of all experimental activities carried out by WP2,WP3 and WP$
within the second year of activities
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1 | Analisi UHPLC HR-MS/MS per lo studio di carriers del boro nella Proton...

2 | Caratterizzazione dosimetrica di un fascio di protoni accelerati press...

3 | Microdosimetric investigation of the p-11B reaction through a silicon ...

4 | Preliminary Modelling for the Proton Boron Capture Therapy (PBCT)

5 | Preliminary study with a silicon microdosimeter for future application...

6 | Progettazione di un'antenna a radio frequenza per applicazioni di riso...

7 | STUDY ON EFFICACY IMPROVEMENTS AND QUALITY OF THE PROTONTHERAPY TREATMENTS

10
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Proton Physics Research and Impleme...
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1st International Biophysics Collab...

The International Conference on the...
The International Conference on the...
The International Conference on the...
2019 African Nuclear Physics Confer...
International Conference of Radiati...

19th International Conference on So...

Advanced Physics for Medicine

Radiobiological Fundamentals of Rad...

ELI User Workshop on Laser-Driven A...
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Machine learning for medical applications of Physics.

= . Proton-Boron Capture Therapy (PBCT): enhancing clinical proton biological e...

& . Research and development for Hadrontherapy in Italy

= ; Modelli radiobiologici e simulazioni Monte Carlo in adroterapia ...

& . Relative Biological Effectiveness (RBE) of a clinical eye proton therapy be...

(i . MIRTO: A microdosimetric study and RBE measurement with 62 MeV clinical pro...

& . Improvement of ParticleHP with proton-boron fusion reaction in GEANT4 for m...

& . Monte Carlo in Hadrontherapy

= :What do cancer therapy and Mars exploration have in common? ...

& . Enhancement of clinical proton effectiveness by nuclear fusion reactions ...

& . LET and RBE of Therapeutic Proton Beams Monitored With Microdosimeters ...

& . Development of 19F Magnetic Resonance Imaging

= ; Proton Boron Capture Therapy:: A novel approach to proton therapy-awarded a...
.

"™ Radiobioloav and in vitro irradiation at ELIMAIA

G Cuttone - INFN-LNS (ltaly) - cuttone@Ins.infn.it



Important results <R

Istituto Nazionale di Fisica Nucleare

B Molecula: BPA was identified as best molecula in terms of toxicity and 11B
concentration;

B Radiobiological experiments: was studies different radiobiological endpoints
(survival, ROS, chromosome aberrations, pathway repairs) with different
incident proton energies (60 MeV and 150 MeV) and different LET (1 keV/um
up to 20keV/um);

B Microdosimetric measurements: experimental campaigns were performed
adopted 3 different detectors along the same SOBP adopted for the
radiobiological experiments;

B Neutron contamination: the flux of neutron was experimentally evaluated;
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Milestones 2020 and Covid- 19 ImPaCt'NFN

Deliverables 2020 Deadline Details Delay

Implementation of Geant4-
DNA and TRAX-CHEM
D1.2 | simulations starting from the 30-06 Rimodulazione in corso /
spectra previously obtained
(E. Scifoni, A. Attili)

Establishment of a
procedure for the
measurements of the 30-04

D2.2 | concentration of borated and No
fluorinated compound in-vitro
tests
(R Faccini, C Voena, S
Bortolussi)
Microdosimetric spectra with Lo shift & dettato dal fatto che ci sono stati dei ritardi nella realizzazione dei
the avalanche confinement preamplificatori della TEPC-borata e la sua consequenziale caratterizzazione.
D3.2 | detectors simulating different 31-12 Una volta che la sua realizzazione verra ultimata verra fatta una campagna | 6 mesi
site sizes (for WP1) di misura a Trento per investigare le configurazioni con/senza boro con tutti i
(S Agosteo) rivelatori adottati per i test.
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Milestones 2020 and Cowvid- 19 impact

INFN

Istituto Nazionale di Fisica Nucleare

Deliverables 2020 Deadline Details Delay
Ci sono dei ritardi nel completamento delle milestone M4.2 ed M4.3. In
particolare non sono ancora stati effettuati i test a bassa energia di protoni
incidenti (M4.3). Finora & stato fatto soltanto un test preliminare a Caserta ma
Results on high-LET e necessario effettuare almeno altri due turni di misura in cui poter completare
radiation induced CL as an 31-12 | appieno la milestone. Per quanto concerne, invece, i test ad alta energia,
effector of proton biological questi sono stati effettuati con entrambe le molecole (BSH e BPA). Manca | 6 mesi
D4.2 enhancement by p-B and p- soltanto l'ultimo turno sperimentale a CNAO (M4.2). Mario Ciocca € gia stato
= rempstene, Cal s contattato dando la disponibilita per il beam time anche nel 2020. Infine
studies with BNCT occorre rico_rdare_che aI. momento il WP4 ha dato oriqrité al comoletgme_nto_
(L Manti) deqli esperimenti con il boro. Una volta che questi verranno terminati si
procedera alla caratterizzazione con il fluoro. Questi testa avverranno tutti
nella stessa facility, ovvero a Trento, e verranno effettuati a partire dalla
seconda meta del 2021 fino a tutto il 2022.
D0.2 e | Summary report of all
D5.3 experimental activities
(C La Tessa) 31-12 No
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Thanks for listening




