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IBA

Courtesy of V. Maradia

One-room design

Courtesy of V. Maradia

Typical Proton Therapy centre (3-room design)

3x

IBA Proteus®PLUS

250 MeV 
Proton 

cyclotron

230-70 MeV
Treatment 
energy 
range 

Momentum acceptance ± 0.7% 

Proton Therapy technology

The collaboration project context
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“The race toward compactness”
IBA Proteus®PLUS

60 m x 100 m

Football pitch

Courtesy of V. Maradia

Courtesy of V. Maradia

Tennis court

Basketball court

Courtesy of V. Maradia

A new Proton Therapy facility is only attractive 
if it is compact, cost-effective, and efficient
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“The project”
• COSYLAB GmbH - Paul Scherrer Institute (PSI) collaboration 

• Commercialise a Proton Therapy technology

• Peculiar characteristics:

• Compact foot-print (16 x 9 m2):
• Infrastructure + shielding 
• cyclotron vault + beam transfer line + beam delivery + 

treatment room

• Gantry-less fixed beam transfer line

• Replacement of Energy Selection System (ESS) 
with a “beam momentum cooling wedge”

• Pencil Beam Scanning System (PBS)

• “Chair-based” patient positioning 
(e.g., P-cure type)

Secondary 
shielding

Courtesy of V. Maradia

Use of momentum cooling to achieve 
high FLASH dose-rates even for low-
energy beams in cyclotrons-based proton 
therapy facilities,  V. Maradia et all.  

Business case:
Does beam momentum cooling reduce costs?
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• Superconducting (SC) proton cyclotron (1x):
• Max beam energy: 250 MeV;
• Max beam current extracted: 800 nA;

• Fast-switch kicker electromagnet (1x):
• < 100 us; 

• 57-deg sector bend electromagnet (3x):
• Bending radius: 1.5 m;
• Pole gap: 60 mm;
• Operating field range: 0.8 – 1.62 T;

• In-line or rotating degrader wedge (1x);

• Quadrupole electromagnet (7x):
• Effective length: 368 mm;
• Aperture (radius): 50 mm;
• Operating field range: 5.7 – 10.6 T/m;

• Polyethylene, Plexiglas wedge (beam momentum cooling)

• Coupled scanning magnets system (beam delivery)

Courtesy of V. Maradia

Objective #1: Engineering Requirements



Objective #2: Product Design Specification

Nuclear Inst. and Methods in Physics Research, A 940 (2019) 199–205

kicker

Proceedings of Cyclotrons2016, Zurich, Switzerland MOP12

57° sector bend electromagnets
IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 28, NO. 3, APRIL 2018

Quadrupole 
electromagnets 

Degrader system

2.5 graphite wedge rotating wedge
IBA design

capability of the nowadays most advanced Pencil Beam Scanning (PBS) cancer treatment

+ detailed design of the beam Instrumentation
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Objective #3: Business case

9
Pyramid Note, TN0019.pdf

detector-group.com

Nuclear Inst. and Methods in Physics 
Research, A 998 (2021) 165208

Eur. Phys. J. Plus (2022) 137:889 
https://doi.org/10.1140/epjp/s13360-022-02960-9

• SC cyclotron cost:
• max extracted beam energy: 250 MeV → size, RF system capacity
• max extracted beam current: 800 nA → 50 nA → only particle source adjustment

• Shielding requirements: Monte Carlo simulation for materials activation
• scaling at 50 nA

• Transfer line cost:
• Vacuum system: off-the-shelf components (pipes, valves, pumps)

• Diagnostics: replace Ionisation Chambers (IC) and MultiLayer Faraday Cups (MLFC) 
with Scintillation Screens (HUT facility) or “Beam Monitors”

• Beam delivery system cost:
• Coupled scanning magnets + QA diagnostics basis solution (Pyramid)

• Patient positioning system cost: commercial P-cure (chair) / LeoCancer (upright) 

• Capital single-room facility cost breakdown (“Top-down approach”) 
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V. Maradia, L. Garolfi

C. Slater, L. Garolfi

Achievements
• SEEIIST

• relation with the scientific stakeholder of the PT facility design

• knowledge of PT key systems and cancer treatment techniques

• detailed project documentation:
• product design specification
• Bill of Materials (BOMs)

• Business case analysis:
• structured cost breakdown and comparison

• COSYLAB GmbH:

• successful collaboration with PSI PT researchers, and scientists

• business analysis to enhance its services and market position:
• technical design documentation, and cost-effective insights
• technical insights on the compact facility’s systems integration
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Apply for the programme!
4→ I.FAST Academia-Industry exchange applications granted till February 2024

A grant of up to 15 k€ can be used to finance: salary, travel, subsistence

Total budget = 60 k€ → 4 project = ~ 37 k€ →~ 23 k€ 3 new projects

I.FAST industry/companyI.FAST academia scientist

engineer/technician

transfer: knowledge, 
expertise, working practices 

Subject: advanced technological components for accelerators and magnets and/or technology infrastructures

design fabrication testing



This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under GA No 101004730.

Thank you for your attention

• contact your industrial collaborator 
• formulate an exchange proposal 
• submit a fund request

Application process:

https://ifast-project.eu/ifast-traineeship-programme



This project has received funding from the European Union’s Horizon 2020 

Research and Innovation programme under GA No 101004730.

Back-up
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Treatment energy range
230 – 70 MeV 30%

0.1%

230 MeV → ~ 70%

70 MeV → 15%

Use of momentum cooling to achieve high FLASH dose-rates 
even for low-energy beams in cyclotrons-based proton therapy 
facilities, 
V. Maradia et all.  

wedge
Business case:
Does beam momentum cooling reduce costs?

“Beam momentum cooling”
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• Prepare a comprehensive product design specification documentation that highlights:
• the capability of the nowadays most advanced cancer treatment (PBS)
• the reduced physical footprint compared with the most compact one-room PT designs on the market

• Detailed Bill of Materials (BOMs) that allows for a “bottom-up” components breakdown cost of cyclotron, beam 
transfer line, beam delivery system and patient positioning system

Detailed Engineering Requirements study Detailed Bill of Materials (BOMs) of components

The objectives


