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Outline

● CATANA protontherapy beamline

● Zero degrees beamline

● Dosimetric and monitoring devices

● Monte Carlo simulations 

instruments

● Radiobiology facilities

○ Cells growth laboratory

○ In-vitro and in-vivo activities



Multidisciplinary beamlines

Two experimental rooms available for multidisciplinary irradiations
● CATANA protontherapy room (clinical and monoenergetic proton beams, 62 MeV)
● 0° beamline (proton and light ions up to 80 AMeV)

Equipments for beam diagnostic, dosimetry and monitoring are available

TANDEM



CATANA beamline

Dedicated to proton therapy irradiation

Dosimetry and radiobiology

In-air only

Energy passively degraded

Fast and easy positioning system

Double scattering system for lateral spread → homogeneity below 3%

Collimated beams (1-35 mm diameter)

Fixed elements limiting some applications:

Fluence
High level homogeneity but no point-like spot like
Radiation protection issues during the patient treatments may limit beam current 



0° beamline

Transported beams: p, He, C, O, Ne, Ar, Kr, Xe, ..

Relative and absolute dosimetry

In-air only but also in-vacuum possibility

Certified beamline for ESA experiment

Fast and easy positioning system

No particular constraints from fixed elements but ...

Homogeneity about 15%

Final collimator can be removed but alignment must be repeated (4 h)



Longitudinal dose distributions



Absolute dosimetry and on-line beam monitoring



Absolute dosimetry and on-line beam monitoring



Relative dosimetry: Beam profile monitoring

2004

2017 (new set-up)
Plastic Scintillator EJ204: 0.5mm - 1mm

CCD Basler NI supported

Dedicated analysis software



Radiobiology: cells positioning



Radiobiology: irradiation device



A special support 
located within the 
irradiation room  
permit the flasks 

movement 

Acquisition room allow the  monitoring and 
controlling of the beam   

Using gafchromic 
film is possible to 
verify the beam 

uniformity and the 
geometry of 

system 

Software 
control 

system permit 
to handle 

mechatronic 
to flasks 

movement



Monte Carlo support with the 
Geant4 toolkit



zero degree beamlineCATANA beamline

Hadrontherapy example inside the Geant4 distribution
simulating the two LNS beam lines

Beamline Simulations



Romano et al. et al. ‘A Monte Carlo study for the calculation of the average linear energy transfer (LET) distributions for a 
clinical proton beam line and a radiobiological carbon ion beam line’Physics in Medicine and Biology 59 (2014)

LET calculation

15

step-by-step are retrieved 
information about:

- Step Length
- Particle type (in term of Z and A)
- Deposited Energy

Total Let-dose 

Primary LET-dose



RBE class

C12 @ 187 MeV/u

C12 @ 187 MeV/u

16

step-by-step are retrieved information 
about:

- Kinetic energy
- Particle type (in term of Z and A)
- LET
- Deposited Energy



Radiobiology laboratory



High current irradiations



Users’ statistics

2017
12 Groups for an average of 40 shift

Radiobiology   6 (3 in-vivo)
Detectors      5
Imaging      1



II. Radiobiological facility

cell biology

animal sciences

in collaboration with:



In vitro / ex vivo 
cell-based models

Using different cell lines:

- Tumorigenic: MCF7; MDA-MB-231 (BC 

cell lines) - U87 (Glioma cells)

- Non-tumorigenic: MCF10A (BC cell 

lines)

- Normal and tumour primary cells 
from patients biopsies

- Under study:
- new drugs and/or molecules radio 

sensitizing (LDS Siena - Betulla, 
etc…)  

RadioBiological Laboratory

In vitro positioning 
system

PETs - Preclinical Hadrontherapy Studies
MoVe - IT - Modeling and Verification for Ion beam Treatment 
planning



Preclinical Hadrontherapy facilities

In vivo positioning 
system

PETs - Preclinical Hadrontherapy Studies
MoVe - IT - Modeling and Verification for Ion beam Treatment 
planning

In vivo approach with 
mouse models

- Animal facility
- Health ministry authorization
- Dosimetry and simulation studies
- Personnel Felasa cat.C

Hadrontherapy on tumours inoculated in 
mice

- RBE relative biological 
effectiveness

- intra-tumor heterogeneity.



Preclinical Monte Carlo studies

● State of art 
○ Validation:

■ Experimental validation using 
gafchromic films and ionization 
chamber

○ Preliminary in vivo test: 
■ Small animal treatment plans. 

Dose distribution and LET 
assessment.

● Reproduces mouse tissue based on 
DICOM micro-CT images

● Reproduces CATANA beam line
● Permits to evaluate a 3D dose maps 

for different beam configurations (e.g. 
modulators, range shifters, collimator 
diameters, etc.)



Biomarkers discovery by proteogenomic 
technologies

studies performed by



Unica filiera nazionale
dalla Preclinica alla Terapia

New research platform 
and 

Radiopharmaceutical 
production



Unica filiera nazionale
dalla Preclinica alla Terapia

“CATANA” Centro di 
AdroTerapia e Applicazioni 
Nucleari Avanzate 

Proton irradiation of small 
animals

Laboratory Animal Science 
FELASA cat.C

Quantification and elaboration 
of diagnostics imaging

“CAPIR” Center for Advanced Preclinical in vivo Research PET 
facility (checked in 4th May 2017)
Optical Imaging and Ultrasound Imaging facility

“Behaviour” platform
Coming soon

Cyclotron and 
Radiopharmaceuticals 
production for internal clinical 
purpose: 

[18F]-FDG 
[11C]-Colina 
[11C]-Metionina 
[68Ga]-DOTATOC

Development of innovative 
radiopharmaceuticals: 

[18F]-FLT 
[18F]-MISO 
[18F]-Fluoruro 
[18F]-Colina

Coming soon

Coming soon

Infrastructure update of RadioBiological Laboratory & 
Preclinical Facilities:

- Fluorescence microscopy (innovative radiobiological 
biomarker)

- -80 fridge and liquid nitrogen dewar
- metabolic cage

Already 

ready!!!
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