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Working Packages 
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WP Microdosimetry (Leader: G. Petringa) 

Intercomparison 
  Mini-TEPC (INFN-LNL)

  Nano-TEPC (INFN-LNL)

  Nano-TEPC (INFN-MI)

  Si-Telescope (INFN-MI)

  MicroPlus (INFN-LNS)

  TEPC (INFN-TIFPA)

  SiC (INFN-LNS)


New detector 
  Preliminary with LGAD and TEPC

  Assembling

WP Simulations and radiobiology 

  Radiobiological experimental tests 
adopting the same condition of 
detector irradiation

  Development of a new biological 
model based on the track length
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Working Packages 
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LNS-FTE: 2.3

Giusi Forte

Luigi Minafra

Francesco Cammarata 

Giorgio Russo

Giada Petringa

Richieste

Oscilloscopio programmabile 
con generatore di funzioni 15 k€

PCB preamplificatore

e Alimentatore portatile 5k€
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PRAGUE
Proton RAnGe measure 

Using silicon carbidE 
Princial Investigator: Giada Petringa 

Grant Giovani INFN 2020-2022
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Protontherapy: proton range verification

Dose deposition highly sensitive to range 

variations. Strong request of accurate range 

verification  

Daily quality accuracy: 

Fast and precise systems  

High spatial resolution 

High reproducibility 

Dose-rate and LET independent

33

65

98

130

0

62500

125000

187500

250000

1954 1960 1970 1980 1990 2000 2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Patients Facilities

Worldwide number of patients and protontherapy centers 

yearhttps://www.ptcog.ch/
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Protontherapy: proton range verification

Multi-layer Ionization  
Chambers Multi 

Faraday Cups
Scintillator stackWater tank with a 

motorized system
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PRAGUE objectives 
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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

PRAGUE  
Proton RAnGe measure Using silicon Carbide 
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Adopted detectors 
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15 x 15 m
m

2
15 x 15 m

m
2

Entrance and proximal position reconstruction

Distal position reconstruction

Call project fundend  by 
CSNV (2016-2018)

Design 

Realization 

Assembling and Test
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Preliminary Dosimetric Characterization
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Irradiation field: 5mm in diameter 
Energy: 62 MeV proton beam 
Modulated and Pristine beam 
Beam Current: 10^6-10^8 p/cm^2

2 keV/um

20 keV/um
Experiental test @CATANA 


facility of LNS-INFN

National patent N. Rif. 102018000007139 - G.A.P. 
Cirrone,S.Tudisco,G. Petringa and S.M.R Puglia 
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30 SiC w/o 
passive layer

30 SiC with 10um of active layer and 100 
um of passive substrate

Incident  
proton

PRAGUE detector
11

PRAGUE  
Proton RAnGe measure Using silicon Carbide 
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Milestones 2020
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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 già 
disponibili Completata all’80% 

31 Dicembre 2020 Caratterizzazione di prototipi su 
fetta 1 anno di ritardo
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Exp. Run - Flash Condition
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proton 62 MeV - Full Energy  

Beam current: 1 - 50 nA 

Shot time: 10ms - 200ms 

Beam Collimator: 1x1cm2 

Detector Collimator: 5x5 mm2 

Detector (ST): 10um - 1x1cm2 
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Dose Linarity - Flash Condition
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Dose rate dependence ∽ 7%

1kGy/min 6kGy/min

9kGy/min 12kGy/min

0.3kGy/min

15kGy/min
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NIRVANA  
NuovI RiVelAtori per 

NAnodosimetria 
Princial Investigator:  Valeria Conte (LNL)

INFN Project 2019-2021
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Linear Energy Transfer
17

2%

L
E
T
-
d
o
s
e

L
E
T
-
t
r
a
c
k

good stability level



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

18

MicroPlus probe at 
the isocenter 
position of the 
CATANA protontherapy 
facility

Mini-TEPC at the 
isocenter position of 
the CATANA 
protontherapy facility

Silicon 
Telescope at 

the isocenter 
position of 
the CATANA 

protontherapy 
facility

Linear Energy Transfer
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submitted to

Linear Energy Transfer
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Responsabile Nazionale: Giacomo Cuttone
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New binary reactions

Local Emission 
of particles with 

high LETIncident low 
LET particles 
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Understanding the effect from different point of view

A.Attili 
E. Scifoni

S. Agosteo

L. Manti

R. Faccini 
S. Bortollussi

C. La Tessa

G. Cuttone
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Papers
▪G. Petringa et al. “Radiobiological quantities in proton-therapy: estimation and validation using Geant4-based Monte Carlo simulations”, Physica Medica 

58, P72-80, (2019)
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Important results 

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

  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); 

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

  Neutron contamination: the flux of neutron was experimentally evaluated;



G Cuttone - INFN-LNS (Italy) - cuttone@lns.infn.it 

2727

Milestones 2020 and Covid-19 impact

Deliverables 2020 Deadline Details Delay

D1.2

Implementation of Geant4-
DNA and TRAX-CHEM 
simulations starting from the 
spectra previously obtained
(E. Scifoni, A. Attili)

30-06 Rimodulazione in corso /

D2.2

E s t a b l i s h m e n t o f a 
p r o c e d u r e f o r t h e 
m e a s u r e m e n t s o f t h e 
concentration of borated and 
fluorinated compound in-vitro 
tests
(R Faccini, C Voena, S 
Bortolussi)

30-04
No

D3.2

Microdosimetric spectra with 
the avalanche confinement 
detectors simulating different 
site sizes (for WP1)
(S Agosteo)

31-12

Lo shift è dettato dal fatto che ci sono stati dei ritardi nella realizzazione dei 
preamplificatori della TEPC-borata e la sua consequenziale caratterizzazione. 
Una volta che la sua realizzazione verrà  ultimata verrà  fatta una campagna 
di misura a Trento per investigare le configurazioni con/senza boro con tutti i 
rivelatori adottati per i test.

6 mesi
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Deliverables 2020 Deadline Details Delay

D4.2

Results on high-LET 
radiation induced CL as an 
effector of proton biological 
enhancement by p-B and p-
F reactions. Cell survival 
studies with BNCT 
(L Manti)

31-12

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 è stato fatto soltanto un test preliminare a Caserta ma 
è necessario effettuare almeno altri due turni di misura in cui poter completare 
appieno la milestone. Per quanto concerne, invece, i test ad alta energia, 
questi sono stati effettuati con entrambe le molecole (BSH e BPA). Manca 
soltanto l’ultimo turno sperimentale a CNAO (M4.2). Mario Ciocca è già  stato 
contattato dando la disponibilità per il beam time anche nel 2020. Infine, 
occorre ricordare che al momento il WP4 ha dato priorità  al completamento 
degli esperimenti con il boro. Una volta che questi verranno terminati si 
procederà alla caratterizzazione con il fluoro. Questi testa avverranno tutti 
nella stessa facility, ovvero a Trento, e verranno effettuati a partire dalla 
seconda metà  del 2021 fino a tutto il 2022.

6 mesi

D0.2 e 
D5.3

Summary report of all 
experimental activities
(C La Tessa) 31-12 No

Milestones 2020 and Covid-19 impact
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Thanks for listening


