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❑ Current situation of proton and ion beam therapy in the world

❑ Accelerator technologies

❑ Needs for future facilities

❑ Ongoing developments
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Facilities in operation
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Growing trend
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Facilities under construction:

✓ 30 proton centers (China 8, USA 6)

✓ 3 Carbon facilities (China, France, South Korea)

✓ 1 p/C facility (South Korea)

• Growing recognition of benefits of ion therapy worldwide

• Increase of facilities in operation and under construction

• Incremental development of technique:

- Existing suppliers

- New initiatives

Patients treated worldwide

PTCOG, September 2022

279455

41544 
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ACCELERATOR TECHNOLOGY BEING USED: PROTONTHERAPY
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Cyclotrons are mostly used for protontherapy

Commercial production: IBA, Varian, MEVION

Limitations:

▪ Fixed extracted energy

▪ Use of slow degraders for energy variation, remaining activated

▪ Large shielding

9 T MEVION  Synchrocyclotron
ProBeam: Superconducting cyclotron 
by VARIAN

Sumitomo Cyclotron
Cockscrew gantry

Proteous One by IBA 
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ACCELERATOR TECHNOLOGY BEING USED: PROTONTHERAPY
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Synchrotrons: 

- Fixed radius of particle orbit

- Varying magnetic field and radio frequency 

- Variable energy

- Commercial by HITACHI for p therapy

Synchrotron by HITACHI

Radiance 330: 
Synchrotron by ProTom
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ACCELERATOR TECHNOLOGY BEING USED: ION THERAPY
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❑ Cyclotrons cannot be easily used 

-dimensions and complexity

❑ Ion therapy is more challenging 

Much higher energy (440 MeV/u) and higher magnetic rigidity

❑ As a consequence, for a given B, the ion 

synchrotron and gantries have to be almost 3 

times larger than proton accelerator

Heidelberg Ion Therapy Center Marburg Ion beam Therapy Center

CNAO MedAUSTRON

2 pioneering initiatives in Europe (ion therapy at GSI and the Proton-ion Medical Machine Study PIMMS 
at CERN) established the basis for the construction of 4 proton-ion therapy centres at Europe: HIT, MIT, 
CNAO, MedAustron

All existing ion medical accelerators are 
large synchrotrons
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Needs for new generation of medical ion therapy accelerators
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Requirements for new generation of medical 

accelerators: 

- Reduced footprint (~1000 m2) 

- Lower acquisition cost (~120 M€)

- Lower running costs: efficiency machines and lower 

complexity (reduced personnel)

- Multi-ion accelerator (beyond presently used p and C- ions)

- Higher beam intensity

Despite of its several advantages, heavy ion therapy is being hampered by

➢ Cost to build carbon ion clinical facilities

➢ Lack of experimental data 

Smaller, simpler, cheaper

Delivery:

- Faster dose delivery

- Using multiple ions

- With range calibration and diagnostics online

- Real time imaging

- A rotating compact ion gantry

More centers are needed to produce the evidence

More evidence to build the centers
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Reducing footprint, reducing the cost
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Compactness:

❑ Reduced accelerators: Three alternatives

- SC synchrotron

- SC cyclotron

- Linear accelerators

❑ Smaller gantries

Strong R&D on superconductivity

~200 M€

~30 M€

~5 M€

Durante, Debus & Loeffler, Nat. Rev. Phys. 2021

~5 000 m2

~500 m2

~50 m2



C. Oliver                                                Workshop on Ion Therapy                               22/11/2022

Japanese developments: The Quantum Scalpel project
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Compact accelerator development in Europe

ARCHADE project (France)

New developments on improved 
(resistive or SC) synchrotrons 

C400 Superconducting cyclotron for C, 
He and p ions

11

High-frequency linear accelerators

LIGHT project (ADAM-AVO)

NIMMS (Next Ion Medical Machine Study)
and its application to SEEIIST



C. Oliver                                                Workshop on Ion Therapy                               22/11/2022 12

LiGHT: linacs for proton therapy

• 3 GH high gradient linac (25 m)

• Initial collaboration TERA Foundation/CERN.

• Current development by the AVO company 

• Integration in STFC Daresbury laboratory for technical 

test 

• Partnership with University Hospital Brimingham NFS

Foundation Trust aiming at treating patients

➢ High repetition frequency with pulse-to-pulse energy 

variability

➢ High frequency: smaller linac and higher acceleration 

gradient

➢ Small emittance, lower cost of HEBT lines

➢ No beam losses, reduced shielding

From A. Degiovanni

Compact accelerator development in Europe: LINACS
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Studies for Carbon ion linacs, with a hospital friendly footprint: folded linac
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Compact accelerator development in Europe: LINACS

34m – 34 kl70 

MeV/u

≤ 430 

MeV/u

CABOTO
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o High intensity ECR ion source, multi-ion operation

o New linac injector design at higher intensity, higher energy (10 

MeV/u) and higher frequency (352 MHz)

o Warm synchrotron, with 20 times higher beam intensities

o Flexible dose-delivery modalities: Multi-Energy slow-resonant 

Extraction and for FLASH

o Superconducting gantry

o Option of a Superconducting magnet synchrotron

From PIMMS to NIMMS: Next Ion Medical Machine Study

NIMMS-SEEIIST DESIGN

14

Compact accelerator development in Europe: synchrotrons
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Gantries for ion therapy

❑ Gantries are very large for Carbon ions given the larger magnetic rigidity

❑ First C Gantry at HIT: 600 tons rotating mass, L = 25 m x f = 13 m 

❑ 2 Superconducting C Gantries in Japan, by Toshiba: 3 T HIMAC gantry 

(300 tons) and 3.5 T Yamagata gantry

❑ New studies, e.g., in the framework of HITRI+, with similar size but 

much lighter structure

HIMAC 
3.5 T gantry

HIT carbon gantry

X-ray gantry

IBA proton gantry

15
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Alternative designs for Gantries

21/11/2022

TERA-CERN (SC canted cosine theta)

PSI (large acceptance SC magnet)

(Courtesy of Dejan Trbojevic)

FFAG

Leo cancer care StaticToroidal magnet SC design (L. Bottura)

16
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Other improvements (even in operating facilities)
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➢ Use of different species: p, C, He, O

➢ Extraction techniques for faster energy variation: Multi-

energy extraction reducing treatment time

➢ Control system

➢ Spill Quality

➢ Increase of machine reliability

➢ Expansion including single p irradiation rooms with 

commercial cyclotrons or synchrotrons

➢ Radiobiology experimental lines

CNAO upgrades:

- New source (AISHA) for He, Li, O, Fe for new 

clinical protocols and biological or material 

experiments 

- CNAO expansion: 

- Hitachi for proton single room facility 

with a gantry

- BCNT expansion

- Further expansion:

- Future C gantry

AISHA
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Laser-driven sources: long term clinical solution
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❑ Laser-driven sources are disruptive technologies, 

with the potential to drive a step-change in 

clinical capability

❑ Laser-hybrid approach

▪ Overcome dose-rate limitations of present 

PBT sources

▪ Deliver uniquely flexible facility (range of ion 

species, dose, dose-rate, time and spatial 

distribution)

▪ Reduced gantry

LhARA
Laser-hybrid Accelerator for Radiobiological 

Applications

LhARA collaboration:

o Prove the novel laser-hybrid systems in operation

o Contribute to the study of the biophysics of charged-particle beams
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FLASH
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❑ Accelerator providing intensity for dose rate

✓ Cyclotrons with continuous beam: easy

✓ Synchrocyclotrons: medium difficulty

✓ Synchrotrons limited by spill structure: Difficult

✓ Linac: medium difficulty

✓ Proton facilities are suited for Flash and clinical 

trails are underway

❑ Speed of delivery system:

✓ Active components of delivery too slow

✓ Passive 3D-printed range modulators offering 

conformal Flash with a single energy 

(experimentally validated at GSI also for 

synchrotrons). Patient specific hardware

❑ Speed of dose monitoring

❑ Safety 

Delivering ultra-high dose rates (>40 Gy/s) to treatment volumes in typically < 1s

CHALLENGES
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Take-home messages

Proton therapy well expanded
over the world, based on

comercial solutions

“ ”
Despite the benefits of Carbon 
therapy, their associated cost 

and the still R&D-based 
solutions have limited their 

expansion.

“ ”
Ongoing R&D initiatives and 

facilities improvements aiming 
at smaller, simpler, cheaper 

facilities.

“ ”

20

Proton therapy well expanded 
over the world, based on 

commercial solutions

“ ”

Proton therapy well expanded 
over the world, based on 

comercial solutions

“ ”
R&D developments in parallel

with radibiology and 
radioisotope applications.

“ ” New player on the worldwide p 
and ion therapy: 

FLASH

“ ”
Superconducting synchrotrons
and high frequency linacs as 

future solutions

“ ”
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Gràcies

Gracias

Thank you
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https://support.office.com/es-es/article/editar-una-presentaci%c3%b3n-ff353d37-742a-4aa8-8bdd-6b1f488127a2?omkt=es-ES&ui=es-ES&rs=es-ES&ad=ES

