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7 Novembre 2005CNAO = National Centre for Oncological Hadrontherapy

Not-for -profit private Foundation

Created by the Italian Ministry of Health in 2001

with the purpose to build and run a hadrontherapy Centre
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CNAO: >4400 patients
54% carbon ionsð46% protons
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Ocular melanoma: small volumes

INT ðMilan + Galliera ðGenova: 

patient selection and tantalium clips

Collaboration with Politecnico Milano

> 400 patients

Local Control  >95%

Eye preservation >90%

Visual function  >45%

Protons: 60 GyE (4 fx)



After         1 year

CIRT  74 GyE 
16 fractions  IMPT Sacral Chordoma: big volumes
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Protons

Protons

X-rays  

Pediatric patients elective for protons
Less dose to healthy tissues 

to reduce long term risks of secondary tumours
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Technology at CNAO
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Accelerated ion p, C
Energy range (MeV/u) 60-225 (p) (30-320mm)

120-400 (C) (30-270mm)

Extraction Slow 
Dose uniformity ± 2.5%
Average dose rate 2 Gy/min/liter

The CNAO system: compact design for ions
Intellectual property shared by CNAO ðINFN - CERN

Field size (mm× mm) 200× 200
Beam size (FWHM) (mm) 4-10
Beam position precision (mm)  0.1
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16 Dipoles

to bend
24 Quadrupoles

to focus
20 Correctors

to steer

1 RF cavity 

to accelerate

Linac 

to pre-accelerate

Sources

to generate

Trasfer-lines

tow. patients
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Positioning and verification systems

IR cameras for on-line 

motion detection (100 Hz)

Imaging supporting structure rotation: ± 180°
Rotation and deployment accuracy: ± 0,15mm ± 0,1°

Positionng mechanical accuracy: 

0.3 mm peak linear error in absolute positioning

0.1° peak rotational errors in absolute positioning



Present layout 

Synchrotron vault
Hospital building

Expansion area



NEW 2ND FLOOR IN 

CLINICAL INFRASTRUCTURE

NEW BUILDING 

FOR RESEARCH

NEW BUILDING  FOR 

HIGH TECH

Layout by end 2023

Synchrotron vault

CNAO 2.0
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New single -room for protons

Synchrotron room

Treatment room

Start installation end 2023

360° isocentric gantry
(Field size: 30x40 cm2)
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BNCT: proton tandem accelerator

Proton energy 2.5 MeV

Intensity 10 -15 mA

p-Li reaction

Start installation Q1/24
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BNCT: Boron Neutron Capture Therapy
2-steps research approach for metastasized tumours

Boronated drug that selectively 

reaches  the tumour cells and avoids 

the healthy tissues
Accelerator driven neutron 

production



Research at CNAO
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Collaboration CNAO-INFN-HiFuture
INSpIRIT: new ion source

Vertical emittance Helium beam
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RBE= ratio between reference dose (X rays) and

particle dose to obtain the same effect

LET = energy loss per unit mass lenght :

proportional to the square of the ion charge,

inversely proportional to the square of particle

velocity

OER = ratio of the doses producing the same

effect in hypoxic (0% pO2) and oxic (20% pO2)

conditions

Scattering (good>A) ðFragmentation (bad>A)

Multi -ion treatment for best individual plans

RADIOBIOLOGY EXPERIMENTS: IN-VITRO & IN-VIVO
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Dose and Beam range monitoring

Goal: dose monitoring 

pre -treatment 

range assessment

(Collaboration with INFN 

UniPi - UniTo)
PET online + Dose profiler (secondaries) 

(+ g-prompt)



R&D: new carbon ion gantry
Collaboration CNAO-INFN-CERN-MedAustron

Final design: Dip+Quad 
= combined funtion

Superconducting Magnet Design
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Radiomics, Dosiomic é
strategies for individual treatment optimization 

and outcome prediction (Collaboraboration with PoliMi)
AIRC IG-2020 n. 24946
PI: Prof. Baroni G.
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Non oncological application: ventricular arrhythmia 

Published on: 

European Journal of Heart Failure

(Collaboration with San Matteo Hospital, Pavia)


