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▪ Clinical facilities:
▪ High accuracy, high performance beams, possibility to reproduce clinical conditions

▪ Limited beam time (patient treatments), low beam intensities, radiation protection issues

▪ Research based facilities:
▪ High versatility, variable parameters, larger intensities, larger beam time availability (longer shifts required)

▪ Development of dedicated interdisciplinary beam lines, investments and effort…

V. Patera et al., Front in Phys 8 2020M. Durante et al., Phys. Rep. 800 2019

Possible opportunities for a research-based facility

SPES-LNL



What’s the purpose? Which kind of applications?
oradiation damage studies (electronics, space applications, …)
o interdisciplinary applications → medical application related studies:
→ studies of interest for proton therapy and novel irradiation modalities

  

- Dosimetric studies: test of novel apporaches, new dosimeters, …
- Microdosimetry studies: test of new microdosimeters, beam quality,…
- Radiobiology studies: in-vitro cell irradiations, scaffolds, …
- UHDR (ultra-high dose rate) FLASH studies? 
- Spactial Fractionation with Minibeams? → see talk of G. MIlluzzo

Designing and realizing an irradiation beam line for interdisciplinary applications

Proton beams @ SPES-LNL:
o I = 30 nA - 500 uA 
o Emax = 35-70 MeV
o FWHM < 1 MeV

transport 
beam line

requirements

applications
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Designing and realizing an irradiation beam line for interdisciplinary applications
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Designing and realizing an irradiation beam line for interdisciplinary applications
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Distal fall-off:
• Tolerance: P80%-20% < 1.2 mm (@ 70 MeV)

Lateral fall-off:
• Tolerance: P80%-20% < 1.0 mm (@ 70 MeV)

Beam symmetry:

• Tolerance:    Sr <3%      St <103%

Beam flatness:
• Tolerance: Rt <3%

Irradiation beam line for interdisciplinary applications: key dosimetric parameters
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In order to fill the target volume with the necessary amount of stopping power particles the 
peak has to be “spread out” in the longitudinal direction (and transversal)

Spread out Bragg Peak (SOBP)

E = 60-250 MeV

• High performance but technologically complex and pricy
• Mainly adopted by clinical protontherapy centres
• More suitable for higher energy → fast degraders needed

UMCG -PARTRECAGOR cyclotron Irradiation beamline

cyclotron

Irradiation beam line for interdisciplinary applications: active scanning
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Irradiation beam line for interdisciplinary applications: passive scattering



Our experence at CATANA

1° 

SCATTERER

3 m to isocentre

2°SCATTERER + 
STOPPER

Collimator 

 = 35 mm
Modulator

Range  

Shifter

FINAL 

COLLIMATOR 

ISOCENTRE

30 cm  (1°- 2°  scatterer)

85 mmWindow exit

in air

Monitor    

Chambers 

15 m(Ta) + 25 m(Ta)

 + Stopper (Cu)

INFN-LNS CATANA (Italy) & Clatterbridge Protontherapy Centre (UK)
See talk of 
R. Catalano



Beam shaping: passive scattering methods

SINGLE SCATTERER FOIL

300 m Tantalum

DOUBLE SCATTERER FOIL

80 m + 20 m Tantalum

DOUBLE SCATTERER FOIL WITH 

CENTRAL STOPPER

15 m + 25 m + 7 mm copper beam stopper

• Large lateral homogeneity
• Limited energy loss
• Low transmission (down to few %)
• Radiation protection issues at high intensities
• Sensitive to initial beam position/symmetry (i.e. to any change in the magnetic elements)
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Experimental room at the Trento Proton Therapy facility

Dual-ring setup for beam shaping + Range modulator 

Two large-field setups:

- Setup 1: 6 cm “target” radius

- Setup 2: 16 cm “target” radius

Biology Line: passive scattering line for Radiobiology

Tommasino et al. Phys Med 2019 
(based on dual ring design by Takada 
et al., Appl. Phys. 1994, NIMA 2002)
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UHDR proton beams for FLASH @ the experimental 
room of the Trento Proton Therapy Centre

• Proton beams @ 228 MeV
(IBA Proteus Cyclotron)

• Passive beamline, transport 
optimized to enhance the beam 
current

• Variable beam current from 1 nA 
up to 500 nA 

• Variable irradiation time from 10 
ms up to seconds

Almost continuous proton 
beams (isochronous cyclotrons)

Average dose rate up to 
100-200 Gy/s

15%

10%

Correction for the beam non-uniformity

< 1%
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Irradiation beam line for interdisciplinary applications: SOBP (passive)



Pristine and SOBP setups 

Spread-Out Bragg Peak 
obtained by means of 2D 
printed range modulators

Tommasino et al. Phys Med 2019 13



Irradiation beam line: SOBP (passive) through range modulator wheels

1414

B. Jia, F. Romano, et al., NIM 2016
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Designing and realizing an irradiation beam line for interdisciplinary applications
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transport 
beam line

Beam monitoring:
• in-transmission
• low perturbative
• typically ion chambers

Reference and relative 
dosimetry:
• dose to water
• PDD and transversal profiles
• high accuracy
• typically ion chambers
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Beam monitoring and dosimetry



Reference dosimetry in Radiotherapy

Quantity of interest in clinical beams is absorbed dose to water

BASIC OUTPUT CALIBRATION OF CLINICAL BEAM IS A DIRECT DETERMINATION OF 
DOSE OR DOSE RATE IN WATER UNDER SPECIFIC REFERENCE CONDITIONS, THAT 

IS REFERRED TO AS REFERENCE DOSIMETRY

• General (or Volume) Recombination at high beam intensities
• Recombination between separate charged particle tracks.
• Directly dependent on charge density i.e the number of 

ions produced per unit volume.
• Dose-rate dependent.

collection efficiency = Q/Q0 < 1
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High current beams → ultra-high dose rates (UHDR) –> FLASH

CONVENTIONAL RADIOTHERAPY

Dose: ~2 Gy/fract. (x 30 fractions)
Dose Rate: ~ Gy/min

Irradiation Time: few minutes

FLASH RADIOTHERAPY

Dose: > 10 Gy (x 1 fraction?)
Dose Rate: > 40 Gy/s

Irradiation Time: < 200 ms

time [s]

Dp [Gy]

UHDR @ SPES-LNL (up to 500 uA)
 

Dose = 10 Gy
Dose Rate = 100 kGy/s

Irradiation Time = 0.1 ms!!!

Average DRFLASH = 103 x Average DRCONV   

0.1 ms

Average DRSPES-LNL@500 uA =  100 kGy/s >> 40 Gy/s (FLASH) 

A. Bourgouin Phys. Med. Biol. 68 (2023) 235002

Dose per pulse



What is the alternative instrumentation for UHDRs?

Using commercially available ion chambers? New technologies

Adapt for UHDRs: recombination corrections 

Which limitations for this?

New prototypes of 
ionization chambers

Active solid state 
detectors

Small portable 
calorimeters

PTW A. Markus IBA PPC05

ALLS IC Ultra-thin IC

fDiamond

PTW fD

scintillators, silicon and SiC diodes 

SiC scintillator siliconcalorimeter

I [A] or DR [Gy/s]hundreds of nA up to 500 uA

Faraday cup

See talk of C. Okpuwe

See talk of C. Okpuwe
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New technologies

Exploring new approaches and designing 
new chambers for mitigating the ion 

recombination correction

Collect as ”fast” as possible produced charges Try to reduce the produced charges

Reducing the gap
or

the gas pressure
between the chamber 

electrodes 

Ionization chambers for beam monitoring at high intensity (UHDR)

FlashQ DE.TEC.TOR
ultra-thin PYRAMID Home-made at UMCG PARTREC

air gap < 1 mm
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Designing and realizing an irradiation beam line for interdisciplinary applications
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Irradiation beam line: end-station

Motorized system 100 um precision
Remotely controlled

Interfaced with beam control system

Development of 
remotely 
controlled 
transversal cell 
positioning

V. Scuderi et al, Appl.Sc., 2018
F. Romano et al., NIM, 2017
G.A.P. Cirrone et al. NIM, 2015 

INFN-LNS GSI
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Motorized system 100 um precision
Remotely controlled

Interfaced with beam control system

Development of 
remotely 
controlled 
transversal cell 
positioning

Development of 
accurate 
protocols for 
longitudinal cell 
positioning

p

P6
P5

P4
P3P2P1

P1 P2 P3 P4 P5 P6

Depth water [ mm] 1.38 27.42 29.21 29.8 30.7 31.29

LET [keV/µm] 1.11 4.0 7.0 11.9 18.0 22.6

50 µm positioning accuracy 

achieved with RCF

INFN-LNS GSI
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exp_microdosimetry advanced example
Authors: F. Romano, G. Milluzzo, J. Magini, S. Ahmad

• Now a general-purpose versatile example for the simulation of several micrododosimeters:

• Silicon microdosimeters

• Diamond microdosimeters

• TEPC 

• Silicon carbide microdosimeter 

Several functionalities

• Implementation of simple macro commands for easily changing the different geometrical configurations and parameters

• Python scripts for microdosimetric spectra and data analysis (first version)

• Simulation of double-stage geometries for particle identification

20 MeV protons,
 SiC 100x100 um2/2 um Microdosimetric spectra

Monte Carlo : beam transport and detector simulations
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Twin Beams @ UMCG-PARTREC

FLASH Twin Beam - Reproduce clinical beams

- Mimic the beam temporal structure of different 
accelerators

- Flexible dose delivery system @ PARTREC
- Flexible field/spot size, scanning speed, dose-rate
- Scattered CW and pulsed beams
- Pencil Beam Scanning

- Reproducing also syncro-cyclotrons 

- High initial intensity required

- Chopper needed at the low energy beam line

- Research facility

-Radiotherapy department - University Medical Center Groningen

-Proton FLASH beams: up to 190 MeV

protons
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▪ Beam transport:
• Passive scattering less complex and cheaper as respect more performant active scanning

• Considering the high currents, passive scattering is not limiting the considered applications

▪ Dosimetry and beam monitoring:
- Commercial ion chambers for reference dosimetry reliably used with corrections at intermediate 

currents ranges

- Calorimeters for reference dosimetry at higher beam currents (and UHDRs)

- New in-transmission chambers for beam monitoring also at high currents (UHDRs) available

- Solid state detectors for relative dosimetry and small field dosimetry

- 2D systems (scintillators, semiconductors,…) for beam imaging and QA

▪ End-stations:
• Several less or more complex/performant options available

▪ Big potential for interdisciplinary research for novel irradiation modalities: FLASH, 
Minibeams, …

“Final” considerations



Thank you for your attention
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