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Abstract 

 

Radiation therapy with protons and ions is gaining popularity all over the world, 

because of the physical and biological advances with respect to photon, electron and 

neutron radiotherapy. At present, sixty-four therapeutic centers worldwide use particle 

beams to treat their patients. Most of them use fast protons beams and ten centers (3 

in Europe, 5 in Japan and 2 in China) use carbon ions.  

A definite model of radiation action on living cells is still unestablished, 

however it is known that the “quantity” of radiation, characterized by the absorbed 

dose (the mean energy imparted to matter per unit mass) is not sufficient to 

characterize the biological effect, in that equal doses of different radiations lead to 

different results. Sparsely ionizing radiations, like gamma rays, are less effective than 

densely ionizing radiations, like slow protons and carbon ions; the capability of 

ionizing radiation to damage a living cell is closely related to the local energy 

deposition within relevant subcellular structures indeed, like the chromosomes. An 

accurate treatment planning should therefore take into account the particle 

interactions at the micrometer level. To this respect, microdosimetry offers a valuable 

technique, by measuring the stochastics of energy deposition in small volumes of 

approximately 1 mm size. Tissue-equivalent gas proportional counters (TEPC) are the 

reference devices.  

A miniaturized TEPC has been built at the Legnaro National Laboratories of 

LNL, to cope with high intensity therapeutic beams used at the Centro Nazionale di 

Adroterapia Oncologica (CNAO) of Pavia. The objective of this thesis is to study in 

detail the working characteristics of this mini-TEPC, with the aim to design a novel 

simplified microdosimeter optimized for the clinical environment.  
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Sommario 
 

 La radioterapia con protoni e ioni carbonio sta globalmente guadagnando 

interesse grazie alla favorevole distribuzione della dose in funzione della profondità 

(picco di Bragg) rispetto alla terapia con fotoni, elettroni e neutroni. Al momento 

sessantaquattro centri usano particelle per curare i loro pazienti, la maggior parte usa 

protoni ed alcuni ioni carbonio.  

Nonostante non sia ancora stato definito un modello dell’azione delle 

radiazioni sulle cellule viventi, è noto che la dose (l’energia media impartita alla 

materia per unità di massa) non è il solo parametro sufficiente a caratterizzare l’effetto 

biologico poiché dosi uguali di radiazioni diverse producono effetti differenti. 

Radiazioni scarsamente ionizzanti, come i raggi gamma, sono meno efficaci di 

radiazioni densamente ionizzanti come protoni lenti e ioni carbonio; la capacità di una 

radiazione ionizzante di indurre danni in una cellula è strettamente correlate al 

deposito di energia locale all’interno delle strutture subcellulari fondamentali, come 

ad esempio i cromosomi. 

Un piano di trattamento accurato dovrebbe quindi tenere conto delle 

interazioni delle particelle a livello micrometrico. A questo proposito, la 

microdosimetria offre un valido aiuto, misurando la stocastica del deposito di energia 

in volumi approssimativamente di 1 mm.  A questo scopo i contatori proporzionali a 

gas tessuto equivalente (TEPC) sono i rivelatori di riferimento. 

Un TEPC miniaturizzato è stato costruito ai Laboratori Nazionali di Legnaro 

dell’INFN al fine di poter misurare anche in campi terapeutici molto intensi come quelli 

usati al Centro Nazionale di Adroterapia Oncologica (CNAO) di Pavia. L’obiettivo di 

questa tesi è di studiare in dettaglio le caratteristiche di funzionamento di questo mini-

TEPC con lo scopo di progettare un nuovo microdosimetro semplificato ed ottimizzato 

per l’ambiante clinico. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Aim and outline of the thesis 

 

A miniaturized Tissue Equivalent Proportional Counter (TEPC) has been built 

at the Legnaro National Laboratories (LNL) of INFN. The counter has a cylindrical 

cavity of 0.9 mm of diameter and height and 0.81 mm2 of cross area when the detector 

is placed with the axis perpendicular to the ion beam. With respect to the commercial 

FWT LET-1/2 TEPC, the cross area is about 150 times smaller in order to reduce the 

event rate to sustainable values. Measurements with a prototype mini-TEPC have 

been already successfully performed with therapeutic proton beams at the Centre 

Antoine Lacassagne of Nice. The first measurements performed with therapeutic 

carbon ions at CNAO showed some distortions in the response of the detector, 

depending on the applied voltage.  

The objective of this thesis is twofold. On one hand it aims to study in detail 

the response function of the mini-TEPC when exposed to high LET radiations, in order 

to design technical solutions that correct the observed loss of linearity.  

On the other hand, it aims to design a novel simplified microdosimeter to be 

used routinely in the clinical environment. As a relevant simplification in the 

experimental setup and TEPC operation, the possibility to operate the detector in a 

gas-sealed mode will be investigated (presently it works in gas-flow mode).  

 

• This thesis is mainly divided into two sections.  

1. The first one comprehends chapters 1 and 2 and it is an introduction 

to the context and the state of the art.  

2. In the second part, starting from chapter 3, the experimental set up, 

the methods employed and the results achieved are presented. Finally, 

a conclusion with a summary of the results and what is left to do ends 

the work. 

An expert reader of this field can skip the introductive part and focus on the 

experimental section that starts from chapter 3.  

 

 

  



  



INDEX 

HADRON THERAPY ..................................................................................... 1 

1.1 Physical aspects .............................................................................................................. 2 

1.1.1 Passively scattered beam delivery ....................................................................... 6 

1.1.2 Active scanning beam delivery ............................................................................. 7 

1.2 Biological aspects ............................................................................................................ 7 

MICRODOSIMETRY .................................................................................... 13 

2.1 Quantities of Microdosimetry ................................................................................. 13 

2.2 The events distribution ............................................................................................ 14 

2.3 Microdosimetric spectral analysis ......................................................................... 15 

2.4 Microdosimetric Radiation quality ......................................................................... 17 

2.5 Detectors employed in microdosimetry: TEPC ..................................................... 19 

2.5.1 Gas Gain ............................................................................................................ 21 

2.5.1.1 Classical gas gain theory ................................................................................... 22 

2.5.1.2 Gas gain gradient field model ............................................................................ 23 

2.5.2 Conversion from ionization yield and imparted energy ...................................... 24 

2.5.3 Simulation of the site .......................................................................................... 24 

2.5.4   Particle tracks .................................................................................................... 25 

2.6 Microdosimetry applied to hadron therapy ........................................................... 26 

2.6.1 State of the art and problems ............................................................................. 27 

EXPERIMENTAL SET UP ........................................................................... 29 

3.1 Mini-TEPC ................................................................................................................. 29 

3.2 Electronic chain ........................................................................................................ 31 

3.3 Gas system ............................................................................................................... 32 

DATA PROCESSING .................................................................................. 35 































































���
�

In the following picture is represented the project of the detector: 
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The following picture shows the detector inside the sleeve, the aluminium box under 

the sleeve contains the electronic front-end and the yellow and blue connectors are 

the feedthroughs for the gas and flow system.  
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