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INTRODUCTION

The aim of these lectures is to give to the audience a general overview on 
Silicon Detectors mainly from an experimental point of view:
the focus will be mainly on possible application, assembling and testing 
procedure, facility description etc.. , while links will be provided for more detailed 
description of semiconductors theory description.

Due to the amplitude of this field only few topics and examples will be described 
in more detail, while many other relevant topics will be skipped completely.

Feel free to contact me anytime for questions or suggestions: 
benedetto.diruzza@unifg.it

NOTE:
In these slides many pictures are caught from the web and are used only for educational purpose, 
there is no intentional copyright violation and when possible the web source is written.
If anybody think that they are used improperly or the attribution is wrong please contact me  at 
benedetto.diruzza@unifg.it

mailto:benedetto.diruzza@unifg.it
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OutlineLecture 1:
Introduction to silicon sensors.
General (tentative) classification: Strips sensors, Hybrid and Monolithic (MAPS) pixel
sensors, SiPM, LGAD, others. 
Overview of applications in HEP and space missions.
MAPS assembling procedure: the ALPIDE chip and the Alice ITS2 construction.
Trends for Monolithic Active Pixel Detector: studies for large area bent sensors.

Lecture 2:
Overview on the effects of radiation on silicon detectors and electronic devices:
Total Ionizing Dose (TID), Displaced Damage (DD), Single Event Effects (SEE).
Monitoring the radiation dose effects on silicon devices
The Trento proton and x-ray Irradiation Facilities and their use.
X-ray dose delivered measurement for silicon devices.
Procedures for dose evaluation and radiation hardness characterization of devices:
Useful software tools (SPENVIS, TRIM, SpekPy).

Lecture 3:
Overview on the use of radiations for cancer treatment.
Ion therapy facilities: the CNAO and the Trento Proton Therapy Center.
Dose measurement for medical application. Beam control and  beam
Quality Assurance (QA) devices.
Flash irradiation.
Examples of HEP technologies for to medical applications: 
the iMPACT project and the FOOT Experiment.
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Lecture 3
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References E
Suggested web reference for lecture 3

Introduction to Hadrontherapy (2019)
Emanuele Scifoni: Research & Development for Hadrontherapy in Italy
Filename:  Friday-03 Scifoni.pdf
In this directory:
h琀琀ps://drive.google.com/drive/folders/1y7AEdYsyhxjE3IfwhDP5h-Dn4琀椀zXpvl

CERN Medical applica琀椀on seminar series (2015)
h琀琀ps://cern-medical.web.cern.ch/cern-medical/node/26.html

Overview of HEP techniques used for medical applica琀椀on (2013)
CERN: from par琀椀cle physics to medical applica琀椀ons
h琀琀ps://indico.cern.ch/event/261667/contribu琀椀ons/581171/a琀琀achments/462124/640469/
med_app_english_2_lowres.pdf

Introduc琀椀on to FLASH Radiotherapy (2021)
Emanuele Scifoni: Flash Radiotherapy
h琀琀ps://agenda.infn.it/event/29198/a琀琀achments/87290/116584/FLASHmysteriesPisaseminar_OK.pdf

https://cern-medical.web.cern.ch/cern-medical/node/26.html
https://indico.cern.ch/event/261667/contributions/581171/attachments/462124/640469/med_app_english_2_lowres.pdf
https://agenda.infn.it/event/29198/attachments/87290/116584/FLASHmysteriesPisaseminar_OK.pdf
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Hadrontherapy: radiotherapy with charged particle beams 

Slide from:
Emanuele scifoni
SIRAD school 2019

Robert Rathbun Wilson
The first Director of the

Fermilab Laboratory

https://en.wikipedia.org/wiki/Robert_R._Wilson
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Hadrontherapy: radiotherapy with charged particle beams 

Why charged Ions?
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Hadrontherapy: radiotherapy with charged particle beams 

Why charged Ions?

• Protons and Ions lose their energy in many 

individual interactions with medium electrons

• Protons with the same initial energy may have 

slightly different “Ranges”:

“Range straggling”
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Patient treatment with electrons or photons  

Treatment head drawing copied from https://www.cancer.ca/en/cancer-information/diagnosis-and-

treatment/radiation-therapy/external-radiation-therapy/?region=on 
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Dose delivered: electrons, photons (~6 MeV x-rays)
 and protons comparison 
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Delivered dose: x-rays ions comparison 
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Hadrontherapy: radiotherapy with charged particle beams 

Slide from:
Emanuele scifoni
SIRAD school 2019
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Hadrontherapy: radiotherapy with charged particle beams 

Slide from:
Emanuele scifoni
SIRAD school 2019
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Hadrontherapy: radiotherapy with charged particle beams 

Slide from:
Emanuele scifoni
SIRAD school 2019



 15

Hadrontherapy: radiotherapy with charged particle beams 
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Hadrotherapy: radiotherapy with charged particle beams 

How the irradiation is prepared?
Monte Carlo dose calculation methods are particularly relevant in hadrontherapy

There is no transmission imaging for treatment verification
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Hadrontherapy: radiotherapy with charged particle beams 

Slide from:
Emanuele scifoni
SIRAD school 2019
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The CNAO Ions irradiation Facility

Something
https://fondazionecnao.it/en/

https://fondazionecnao.it/en/
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The CNAO Ions irradiation Facility

https://fondazionecnao.it/en/

https://fondazionecnao.it/en/
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The CNAO Ions irradiation Facility

https://fondazionecnao.it/en/

https://fondazionecnao.it/en/
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The Trento Proton Therapy Center (TPTC)

Cyclotron
(IBA)

Gantry rooms for oncological
patient treatment

Experimental
Cave

Multi-functional laboratory and 
remote control area for Experimental Cave

https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng

https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng
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The Trento Proton Therapy Center (TPTC)
https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng

https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng
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https://www.drmanojsharmaoncology.com/proton-therapy
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https://www.oncolink.org/cancer-treatment/radiation/types-of-radiation-therapy/
proton-therapy/overviews-of-proton-therapy/proton-therapy-behind-the-scenes

Trento Gantry (service area)

https://www.oncolink.org/cancer-treatment/radiation/types-of-radiation-therapy/
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The Trento Proton Therapy Center (TPTC)
https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng

https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng
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The Trento Proton Therapy Center (TPTC)
https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng

https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng
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Dosimetry

Farmer Chambers
Key Point: Farmer chambers 
are thimble ionization chambers widely used in reference dosimetry.
    Typical Sensitive Volume: 0.6cc (approximately cylindrical, 0.3cm radius, 2cm length)
    Typical Response: 20nC/Gy
    Effective Point of Measurement:
        Photons: 0.6rcav (~0.18cm) upstream of central axis
        Electrons: 0.5rcav (~0.15cm) upstream of central axis

From:
https://oncologymedicalphysics.com/
ionization-chamber-design-and-operation/

https://oncologymedicalphysics.com/ionization-chamber-design-and-operation/
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Dosimetry

Trento PTW Farmer chamber

https://www.ptwdosimetry.com/en/

https://www.ptwdosimetry.com/en/
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https://oncologymedicalphysics.com/diode-detectors/

Dosimetry
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Micro-Dosimetry

Slide from 
Marta Missiaggia

TIFPA Trento Beam Line worshop 2020
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Water phantom

IBA water phantom
https://www.iba-dosimetry.com/
product/wp34-calibration-water-phantom

Picture credits: IBA

Beam Direction

https://www.iba-dosimetry.com/
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FLASH IRRADIATION

This emerging irradiation technique is requiring a new generation of 
extremely fast beam control devices, dosimeters …  

Conventional

Dose rate radiotherapy

FLASH
Dose rate radiotherapy
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HEP techniques used for medical application:
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HEP techniques used for medical application:
the iMPACT Project
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HEP techniques used for medical application:
the iMPACT Project
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HEP techniques used for medical application:
the iMPACT Project

2017 test beam set-up 
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HEP techniques used for medical application:
the iMPACT Project
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Proton Tomography scan of a pen
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Again Proton Tomography with different sensors:
the INFN-pCT aparatus 

Slide from 
Prof.ssa Mara Bruzzi

https://ionimaging.org/assets/talks/ws2022munich-mara-bruzzi.pdf

https://ionimaging.org/assets/talks/ws2022munich-mara-bruzzi.pdf
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HEP techniques used for medical application:
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HEP techniques used for medical application:
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HEP techniques used for medical application:

Slide from:
Emanuele scifoni
SIRAD school 2019
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HEP techniques used for medical application:

Slide from:
Emanuele scifoni
SIRAD school 2019
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HEP techniques used for medical application:
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HEP techniques used for medical application:
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HEP techniques used for medical application:
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HEP techniques used for medical application:

Slide Gianluigi 
Silvestre
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Slide Gianluigi 
Silvestre

HEP techniques used for medical application:
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Slide Gianluigi 
Silvestre

HEP techniques used for medical application:
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HEP techniques used for medical application:
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HEP techniques used for medical application:
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HEP techniques used for medical application:
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HEP techniques used for medical application:
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End part 3

Thanks for you attention!

……… and see you again! :-)

comments, questions ... suggestions ?

benedetto.diruzza@unifg.it
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Back-up slides
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INTRODUCTION
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ICHEP 2020 Conference: Benedetto Di Ruzza
Proton and x-ray irradiation of silicon devices at the TIFPA-INFN facilities in Trento (Italy)
slides: https://indico.cern.ch/event/868940/contributions/3815732
proceeding: DOI: 10.22323/1.390.0685; https://pos.sissa.it/390/685

16th "Trento" Workshop on Advanced Silicon Radiation Detectors 2021: Benedetto Di Ruzza
Ionizing and Non-Ionizing Energy Loss irradiation studies with 70-230 MeV protons at the 
Trento Proton Therapy Center
slides: https://indico.cern.ch/event/983068/contributions/4223200

WEBLINKS
● Trento Institute for Fundamental Physics and Applications (TIFPA):

https://www.tifpa.infn.it/about-tifpa

● TIFPA Activity Reports:
 https://www.tifpa.infn.it/contacts/downloads

 
● Bruno Kessler Foundation (FBK): 

https://www.fbk.eu/en

https://indico.cern.ch/event/868940/contributions/3815732
https://pos.sissa.it/390/685
https://indico.cern.ch/event/983068/contributions/4223200
https://www.tifpa.infn.it/about-tifpa
https://www.tifpa.infn.it/contacts/downloads
https://www.fbk.eu/en
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WEB References
TIFPA-INFN: www.tifpa.infn.it
APSS:  https://protonterapia.provincia.tn.it/eng
Physics UniTN: https://www.physics.unitn.it/en
Biology UniTN: https://www.cibio.unitn.it
IBA: https://iba-worldwide.com

Trento Proton Therapy Center: 
Experimental Area info and Beam Time applications:
http://www.tifpa.infn.it/sc-init/med-tech/p-beam-research

TIFPA Activity Reports:
https://www.tifpa.infn.it/contacts/downloads

Experimental area beam characterization:
REF1 – Proton beam characterization in the experimental room of the Trento Proton Therapy facility

F. Tommasino et al. NIM A 869 (2017) 15–20.   
DOI: http://dx.doi.org/10.1016/j.nima.2017.06.017

REF2 – A new facility for proton radiobiology at the Trento proton therapy centre: Design and implementation
F. Tommasino et al. Physica Medica 58 (2019) 99–106 
DOI: https://doi.org/10.1016/j.ejmp.2019.02.001

http://www.tifpa.infn.it/
https://protonterapia.provincia.tn.it/eng
https://www.physics.unitn.it/en
https://www.cibio.unitn.it/
https://iba-worldwide.com/
http://www.tifpa.infn.it/sc-init/med-tech/p-beam-research
https://www.tifpa.infn.it/contacts/downloads
http://dx.doi.org/10.1016/j.nima.2017.06.017
https://doi.org/10.1016/j.ejmp.2019.02.001
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Cabinet Xstrahl RS225

●In this set-up configuration the x-ray uniform spot is a circumference of 4.5 cm radius and can be used for sensors or electronic circuits TID
● characterization studies requiring total dose of the order of 1-50 Mrad.
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R-X support plane

r=6 cm

r=9 cm

r=12cm
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Slide from Marc Poizat:
https://indico.cern.ch/event/635099/contributions/2570674/attachments/1456398/2248961/
Radiation_Effects_and_RHA_ESA_Course_9-10_May_2017_TID_MP_FINAL.pdf

https://indico.cern.ch/event/635099/contributions/2570674/attachments/1456398/2248961/Radiation_Effects_and_RHA_ESA_Course_9-10_May_2017_TID_MP_FINAL.pdf
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Case application: FBK SiPM Irradiations

Farmer chamber and 
SiPM support (FBK)

SiPM online 
characterization system
(FBK)

Overview of the irradiation set-up
For results see:

DOI: 10.1016/j.nima.2022.167502 

https://www.sciencedirect.com/science/article/abs/pii/S016890022200794X?via%3Dihub
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IAEA documents
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CNAO
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The Trento Proton Therapy Center (TPTC)
https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng

https://protonterapia.provincia.tn.it/eng/?/switchlanguage/to/protonterapia_eng


Example 2: variance reduction for a generic LINAC.

X-ray linac simulation with VRTs.

d:Ph/Default/LowestElectronEnergy = 189 keV

6 MeV

March 202171


