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Context
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Context Hadrontherapy

Finite range → Bragg peak:
• -Better conformity of 

dose in tumor
• -Sparing healthy tissue

Reduced dose by a factor of 2 
to 5 outside of the target 

Physical advantages:

Hadrontherapy: radiotherapy using protons and heavy ions



+ 10 new proton therapy centers in Spain in the next 3 years!

Source: Amancio Ortega foundation web page
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Protontherapy in Spain Context



Context
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Context Proton/hadron therapy issues

Source: A. Mazal (QuirónSalud Proton therapy center)

⚫ CNM & USC → microdosimetry (RBE)
⚫ UCM & IFIC →  Range verification, dose monitoring 

+ advanced modalities (FLASH): detectors (US), beam structure (UCM)



Novel 3D-cylindrical silicon microdetectors

C. Guardiola et al.,
Brevet ref: PCT/ES2015/070056

Diameters: 9, 10, 15, 20, 25 µm
Thickness: 5, 10, 20  µm
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Novel microdosimetersCentro Nacional de Microelectrónica



Novel 3D-cylindrical silicon microdetectors

C. Guardiola et al.,
Brevet ref: PCT/ES2015/070056

Pitch: 25, 50, 100, 200  µm

Diameters: 9, 10, 15, 20, 25 µm
Thickness: 5, 10, 20  µm
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Novel microdosimetersCentro Nacional de Microelectrónica



Microdosimetry in clinical proton therapy

microdosimeters

DAQ

Institut Curie-Center of Proton therapy d'Orsay (ICPO)
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4 cm SW-depth0 cm SW-depth 5.6 cm SW-depth 6.3 cm SW-depth

Guardiola C. et al, Medical Physics, 2022  

Centro Nacional de Microelectrónica

First LET 2D-maps in clinical conditions!



Covering larger sensitive surfaces (cms)

Ongoing

Bachiller-Perea D. et al, Scientific Reports (Nature), 2022  
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Centro Nacional de Microelectrónica



Detector +DAQ for nanosecond proton beam structure measurements 
and real time dose measurements

Beam /bunch Sub-μs structre fully resolved with sub-nanosecond time resolution

Fig. Detector: 3x3x3mm3 plastic scintillator (right)+coupled to a 3x3 mm2 SiPM (left) from SensL, through 
an optical fiber. A fully digital DAQ at 5 Gs/s processes the signals in real time. The detector has been
tested at FLASH and conventional rates at CMAM and Quiron (ProteusOne IBA) protontherapy facility. 
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Problem: high dose rate in new centers → conventional prompt-gamms (e.g. IBA) satures 

Universidad Complutense de Madrid



Mini-PET for proton range verification (collaboration with SEDECAL)
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Working in real-time, close to patient, without saturation and high-spatial resolution 

12 PET detectors (318 crystals 
each one of 1.55x1.55 mm2)

Resolution (mm3) 

Universidad Complutense de Madrid



¿Se puede construir un patrón de dosis de la 
máxima calidad que garantice la trazabilidad 
directa de la dosimetría de los centros de 
radioterapia de España?

Calorímetro portátil 
de grafito

sistema primario de medida 
de dosis absorbida

• Desarrollado en el proyecto de ISCIII con Instituto de 
Investigaciones Sanitarias de Santiago y Hospital 
Universitario Lucus Augusti. 

• Permite abordar la calibración de nuevos centros y 
modalidades de tratamiento. 

• Garantía de control dosimétrico en los ensayos 
clínicos de fase III.

• Programa de intercomparación para servicios 
hospitalarios.
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Universidad Santiago de Compostela



Cámara de ionización ultradelgada para FLASH 

FLASH (tasas de dosis por pulso superiores a 106 Gy/s)

Prototipo construido en USC (2020) con distancia entre 
electrodos < 0.25 mm y WET 0.85 mm

Desarrollada en proyecto EMPIR
(EURAMET)
⚫ Capaz de medir dosis por pulso hasta 

10 Gy en 4 µs a 300 V de polarización 
(desviación < 0.5%)

⚫ Actualmente en proceso transferencia 
comercial (PTW) 

F. Gomez et al, Medical Physics, 2022
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Universidad Santiago de Compostela
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Instituto de Física Corpuscular

Sistema de monitorización para terapia hadrónica:
estimación de distribución especial y energética de los fotones emitidos

VALMONT- Valorization of a hadron therapy monitoring system (INNVA1/2021/37) 
VALID - Valorization of new detectors for medical imaging (PDC2021-121839-I00)
MONDO- Monitoring and dosimetry in hadron therapy (PID2019-110657RB-I00) 

Haz de 
protones

PRELIMINAR

Variaciones de 2 mm en la posición del pico
de Bragg observadas



⚫ Tests in clinical conditions

• More electronics developments

• Software developments

• Interest for transfering techn.

• Highly competitive technology in 
hadrontherapy hot-topics

• Prototypes developed ready for being 
transfer into clinical facilities

• Strong know-how in radiation detectors

Conclusions Needs from industry

We are open to collaborate with enterprises!



Thanks for your attention!



In-house Python code for GUI for in-situ fast data analysis

Energy spectra LET maps



Ongoing: conversion of 2D LET maps in silicon to patient conversion with AI algorithms 

2D LET maps in Silicon 2D LET maps in CT



First LET 2D-maps in clinical conditions

Microdosimetry in clinical proton therapy

Guardiola C. et al, Medical Physics, 2022  
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