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➢ CERN Innovations for Society: a brilliant past, a complex present – challenges and 
opportunities

➢ An example of new versatile accelerator technology: the CERN high-frequency RFQ 
from medicine to artwork analysis.

➢ Miniature accelerators: where are we?

➢ CERN accelerators for medicine: from PIMMS to NIMMS to FLASH to HELIUM

➢ Implementation, challenges and models: CERN/CHUV, SEEIIST, Baltic Centre.

➢ Accelerators for the environment.

➢ Some conclusions.



CERN impact on society: a long history
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But the WWW was long ago…

Today more than ever, highlighting 

the impact of our research on 

society is vital for our scientific 

community and for CERN

• Tim Berners-Lee 

invents the WWW 

in 1989

• In 1993, CERN 

puts the WWW 

software in the 

public domain. 

• 1.89b web sites 

today!

The virtuous circle of 

scientific innovation



From CERN to society: challenges and opportunities
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➢ Huge portfolio of CERN technologies with potential impact on society and commercial interest

➢ But: CERN technologies as such, optimized for particle physics, have little or no direct interest;

➢ An additional R&D step is needed, to adapt CERN technologies to what is required by society and by the market

Knowledge Transfer is a priority for CERN, but limited because:

▪ CERN mandate is restricted to particle physics

▪ CERN resources concentrated on HEP projects 

Particle accelerator technologies:

CERN is a world leader in 

superconducting magnets and materials, 

accelerating systems, beam optics, etc. 

Wider Goal: highlight the social benefit of technologies developed for HEP

Need to find creative solutions for the «technology preparation» 

step, based on the combination of: 

▪ Some seed funding from CERN (mainly medical applications)

▪ Support from EU projects and collaborating partners

▪ Some external funding and partnerships

CERN Knowledge Transfer



Impact through technologies: CERN KT & MA Funds

5

5

KT Fund

• For cases with a business, 
startup, or commercial potential 

• Should be market need driven

• ‘Self-funding’ mechanism

MA Budget

• For projects using CERN tech 
for medical

• More early-stage research 
oriented

• CERN funded

~500 k/year

~1,250 M/year

Two competitive funding 

mechanisms to promote 

innovations for society

Well-defined scheme for Medical Applications at CERN: 2017 Council Document: Strategy on KT for Medical 

Applications (focus on R&D projects, using technologies uniquely available at CERN, complementary to work in 

other labs – receiving from CERN seed-funding to collect external funding)    
Very useful, but <1 ‰ of CERN budget… 



Experience with KT and MA Funds
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Amount per project varies greatly (from a few 10k to several 100k)

Relatively “young” tools: stories rather than statistics

Impact in different ways:

Spin-off companies

Agreements with external partners

Job creation

Publications (in particular on journals not HEP-related)

Grants/Funding to continue projects, obtained thanks to 
seed money from the KT Fund/MA Budget 

Limitations:

Fragmentation of budget into many small activities

Not all projects successful in attracting external funding

Reluctance from line management to contribute internal 
personnel resources



A success story – The high-frequency RFQ 
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2014

High-Frequency RFQ

Frequency: 750MHz

Gradient: 2.5MeV/m

Weight : 100 kg/m

Ext. diameter : 13 cm

2007

LINAC4 RFQ

Frequency: 352 MHz

Gradient: 1MeV/m

Weight : 400kg/m

Ext. diameter : 29 cm

The Radio Frequency 
Quadrupole (RFQ) is the first 
accelerator of any proton or ion 
accelerator chain, from the ion 
source to an energy of 1-3 MeV 
(protons).

2014: The first KT Medical Applications budget funds the 
construction of a prototype RFQ at 750 MHz (>2 the frequency 
and half the size of CERN Linac4, highest frequency in the 
world) for application as injector for a proton therapy linac.  



Applications of the high-frequency RFQ 
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From Linac4 technology, new mini-RFQ design at 750 MHz (2014-2020):

1. Injector for proton therapy linac (ADAM-AVO), built and operating.

2. PIXE analysis of artworks (INFN-OPD), built and under commissioning.

3. Outreach at new CERN Science Gateway exhibition, in construction.

4. Injector for ion therapy linac (C6+ and He2+), in construction by CIEMAT (Spain).

5. Stand-alone accelerator for isotope production, designed by CNPEM (Brazil).

Independently, the design has been 
adopted by:

- Beam Laboratory of the University of 
the Basque Country, for a isotope 
production linac.

- KahveLab, Turkey for a 800 MHz 
prototype for industrial applications.   



CERN and LIGHT (Linac for Image Guided Hadron Therapy)
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750 MHz Radio 

Frequency 

Quadrupole (RFQ)

3 GHz Side Coupled 

Drift Tube Linac 

(SCDTL)

3 GHz Coupled 

Cavity Linac (CCL)

25 m

Courtesy A. 

Degiovanni, AVO 

ADAM is a CERN spin-off launched by U. Amaldi now part of the UK company AVO (Advanced 
Oncotherapy). The CERN RFQ is used as injector. After a testing time at CERN, in October 2022 
completed the commissioning to 250 MeV at Daresbury Laboratory (UK). Patient treatment could start 
in 2023 at Daresbury, before installation of a first commercial unit at Harley Street Hospital, London. 

Advantages of a LINAC:

- High repetition frequency

with pulse-to-pulse 

energy variability

- Small emittance, no 

beam loss.

The LIBO (Linac Booster) 

accelerating cells and prototype 

structure (CERN, 2000)

https://indico.cern.ch/event/675785/contributions/3022035/attachments/1663417/2665756/2018_06_06_HG18Workshop_AD.pdf


Accelerators for art
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particle accelerator

particle beam

Emission of radiation 
of characteristic 
energies (X-rays, g, 
particles…)

Radiation detection and 
spectral analysis

Ion Beam Analysis (e.g. PIXE, Proton Induced X-ray Emission)
A beam of particles (protons) from an accelerator is sent on a sample (e.g. a painting)
The atoms are excited and emit different types of radiation (X-rays, gammas, etc.)
Different atomic elements emit X-rays at different energies – Spectral analysis from one or 
more detectors allows determination of the chemical composition (e.g. of the pigments).  
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un

ts Ritratto Trivulzio by Antonello da Messina, 1476 –

analysis at INFN-LABEC (Florence)

Bronze statues of the Bavay treasure (roman period) 

analysed at AGLAE (Louvre Museum, France)

The analysis of artwork is usually done with large 

electrostatic (tandem) accelerators at 2-4 MeV 

Set of IBA techniques: PIXE, PIGE, RBS, etc.



Accelerators for art – the MACHINA project
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Tested with beam at CERN, recently delivered to INFN 

for final commissioning prior to installation at Opificio.

MACHINA = Movable Accelerator for Cultural Heritage In-situ Non-destructive Analysis
Collaborative project CERN-INFN-OPD (Opificio Pietre Dure, Italian institute for restoration)
Transportable accelerator using PIXE, offering a unique way to overcome the limitations of the mobile X-ray 
fluorescence method generally used outside of museums and research centres. 
PIXE has better sensitivity, provides layer information by using different proton energies and can exploit other reactions 
(gamma emission, backscattering particles) for more efficient analysis.

Energy 2 MeV
Transmission 30%
Rep. Rate 200 Hz
Peak RF power 65 kW
Tot. plug power <10 kVA
Acc. weight 230 kg
Instr. weight 440 kg 

(RF racks, cooling)

A copy of the PIXE-RFQ is being built for the new CERN exhibition centre (Science 

Gateway), to show to visitors a real particle beam in a safe environment (project ELISA)



PET isotope production with the high-frequency RFQ
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Production rate: >30 average patient doses of 18F per hour 

750 MHz RFQ as core element of a system to produce isotopes for PET scanning 
(18F, 11C) at the hospitals – overcoming the risks and losses of activity of present 
scheme based on production at large cyclotron facilities, and paving the way for 
using of isotopes with shorter lifetime.
Main advantages with respect to small cyclotrons are compactness, light weight, 
and reduced activation – only the target has to be shielded, inside a cylinder of 1 m 
radius made of steel, polyethylene and borated polyethylene.

Collaboration CERN – CNPEM (Brazil) started in early 2022 for the construction 
of a prototype PET RFQ. RFQ machining expected to start in early 2023. 

Input / Output Energy 20 keV / 7 MeV 

Accelerator length 2.5 m

Output peak current 300 mA

Duty cycle 10 %

Beam pulse repetition frequency 200 Hz

Beam pulse length 500 us

RF Power, peak 400 kW

RF Power, average <30 kW

Surface (accelerator, source, target) 10 m2

Surface (RF and equipment room) 10 m2

Total weight of accelerator 350 kg

Total system weight <5 tons

Mains power 35 kVA



The future: give me a few days to print my RFQ…
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The RFQ is formed vertically. 

¼ sample (March 2022) and 
20 cm full prototype (May) 
successfully built. 

New 40 cm long prototype 
completed, to be presented 
at the AM Fair in November. 

The story of the high-frequency RFQ does not stop here…

The I.FAST EU Project is developing the first prototype of 

a complete copper-made Additive Manufactured RFQ, 

using the CERN 750 MHz design as reference

Advantages of AM:

➢ Printing complete modules in one process, no 

need of long sequence machining-thermal 

treatment-qualification-brazing.

➢ Relaxed machining tolerances (not spoiled by 

brazing)

➢ Complete freedom in the design of cooling 

channels.

Concerns with AM:

➢ Vacuum (good experience from test cavities)

➢ Surface roughness (post-processing under 

development)

➢ Voltage holding (tests are starting at the 

CERN CLIC test facility)

+ Some 
activities to 
develop a 
750 MHz 
magnetron 
as RF power 
generator 
for the RFQ



Towards the miniature accelerator
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The mini-RFQ (Radio Frequency Quadrupole) X-band structures 

Proton therapy injector (in operation)

Artwork PIXE analysis (in 

construction, transportable)

Isotope production (design)

Neutron radiography (conceptual 

stage)

750 MHze

92 mm diameter

2.5 MeV/m

Compact accelerators for ion 

therapy

Developed for CLIC, in operation at CLIC test stand

- Compact XFEL (CompactLight Design Study)

- VHEE and FLASH therapy linac (design)

- SmartLight (table top inverse Compton scattering

light source, design)

12 GHz

100 MeV/m
Superconducting C-ion 

synchrotron 

Bmax 3.5 T

27m circumference

Folded C-ion linac,

Tot. length 53 m

Tot. RF power 260 MW

Important trend towards miniaturization of accelerators, for use in medicine and industry

Three examples of recent developments at CERN:



Miniature technologies today
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Category Particle Configuration Energy/Footprint 

(achieved, acc. only)

Ancillaries Main limitations

Incremental
technologies 

(RF)

protons mini-RFQ ~ 2 MeV/m2 RF system RF power density, beam 

acceptance

protons mini-cyclotron ~ 5 MeV/m2 RF, power supply Shielding, magnet weight

electrons X-band RF ~ 20 MeV/m2 RF system Breakdown rate

Disruptive
technologies 

(laser/based)

p, ions laser accelerator ~ 10 MeV/m2 Laser Energy dispersion, beam emittance, 

efficiency

electrons dielectric laser 

(DLA)

~ GeV/m2 Laser Beam optics, thermal loading, 

radiation damage, efficiency

➢ Some margin for improvement in conventional RF technologies

➢ Long R&D needed for disruptive laser technologies

➢ Thermal limitations due to power density: the small accelerator will never be able to generate large beam powers.



The demand for compact accelerators: applications

16

Minimum energy Market Challenges Opportunities

Medicine

Radioisotope 

production

7 MeV (PET) Mature (several 

competing 

vendors)

Reduce cost/dose, 

production in 

hospitals

New isotopes under study or 

clinical trials (theragnostics, 

alpha therapy, etc.) 

Cancer 

treatment

250 MeV (protons), 

100 MeV (electrons) 

430 MeV/u (carbon)

Expanding (6 

vendors for 

protons) 

Reduce cost, size. 

Integrate 

diagnostics. 

FLASH treatment for 

electrons and protons 

Industry

Ion Beam 

Analysis

2 MeV (protons) Limited by cost Reduce cost, size Artwork analysis, film 

analysis in industry, etc. 

Neutron 

radiography

4 MeV (deuterons, 

protons) 

Presently small Activation, 

portability

Industrial imaging

X-ray analysis > 4 MeV electrons Mature, expanding Portability Security

Beam 

treatment

< 1 MeV electrons Presently limited Beam power,

public perception

Environment (sludge, 

microplastics, flue gas)

plus many more ideas on alternative and original usages of particle beams…



Some examples, protons and ions
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The CERN-INFN high-frequency RFQ-based system for 

artwork analysis: 2 MeV in 1.4 m2, less than 250 kg, 3 

electronic racks

Cyclone KEY from IBA, 9.2 MeV (courtesy IBA) 

T. Antaya with steel pole and yoke pieces 

for the Ionetix, a 12.5 MeV cyclotron 

called the Isotron. (Courtesy of Ionetix)

The AMIT superconducting cyclotron 

of CIEMAT (Spain), 8.5 MeV, 10 uA, 

in construction

Design of the 10 MeV laser linac section of 

LhARA (Laser-hybrid Accelerator for 

Radiobiological Applications) a collaboration 

coordinated by Imperial College, UK



Some examples, electrons
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Smart*Light, a Compact Inverse Compton Scattering 

Xray Source in construction at TU Eindhoven (NL), 

60 MeV electrons, high brilliance @ 100 keV X-rays

DEFT (Deep Electron FLASH Therapy) facility being 

built by a collaboration CERN/CHUV, to produce 

100 MeV electrons for FLASH cancer therapy.

The CLIC 

accelerating 

module

Disruptive

Incremental

Credit: M. Thomas Baum, Buckyball Design, from 

“On-Chip Integrated Laser-Driven Particle 

Accelerator,” by Neil V. Sapra et al., in Science, Vol. 

367; January 3, 2020



Modern particle therapy of cancer
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Particle therapy aims at curing deep solid tumours with minimum damage to surrounding organs –

promote health by improving quality of life after treatment 

The Bragg peak gives a clear advantage to particles w.r.t. X-rays, but Bragg is not 
all: biology is more complex than physics

➢ Radiobiological effect RBE has complex dependence on energy transfer and 
particle type: need experimental work, complex models, sophisticated 
treatment plans to improve dosimetry.

➢ Practical dose delivery reduces effectiveness: longitudinal scan of tumour 
leads to higher dose in the penetration zone (Spread Out Bragg Peak),

➢ The precise dose distribution requires comparable accuracy in imaging of 
tumours and in compensation of organ motion. 

The recently (re)discovered FLASH effect might give a new boost to particles 

Deliver radiation in short pulses at ultra-high dose rates spares healthy tissues 
around the tumour. Fractions of a second instead of several minutes. Being tested 
worldwide with electrons and protons, to be tested with helium and carbon.



FLASH with electrons – a new avenue to radiation therapy
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Collaboration CERN – Centre Hospitalier 

Universitaire Vaudois (Lausanne) for the 

construction of a prototype compact linac based 

on CLIC technology for cancer treatment with 

high-energy electron beams at FLASH rates. 

Discussions ongoing with industrial partners.

Started 2019, construction will start in 2023.

Linac length ~10 m

Max. beam energy >100 MeV

Excellent match with the CERN 

GaToroid development (fixed 

toroidal gantry)

VHEE version of 

the Gatoroid 

gantry, presently 

under study
(image courtesy T. 

Lehtinen, L. Bottura)



Accelerators for ion therapy of cancer
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Linac, X-rays

~50 m2

~5 M€

courtesy IBA

Cyclotron, protons

~500 m2

~40 M€

Synchrotron, Carbon ions

~5,000 m2

~200 M€

Ions deliver more energy to the tissues but need more 

energy to enter the body → need larger accelerators

Cnao , Pavia, Italy
HIT, Heidelberg, Germany

The diffusion of ion therapy is limited by the 
cost and dimensions of the accelerator → 
need for new compact accelerator designs!

Space for development in this region!



The Next Ion Medical Machine Study (NIMMS) 
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➢ Proton therapy is now commercial.

➢ Ion therapy (mainly carbon) still in an early phase (13 facilities worldwide, 4 in Europe) in spite 

of several advantages with respect to proton therapy and to X-rays: 

✓ Higher energy deposition (and ionisation) per length generating double-strand DNA 

breakings not reparable by the cell, making ions effective on radio-resistant tumours;

✓ Increased dose conformity and reduced residual dose;

✓ Expectations from recent exciting results on diffused cancers by combining ion therapy 

with immunotherapy. 

Two centres (CNAO, Italy and MedAustron, Austria) have 

been built based on a design developed at CERN in 

1996/2000: PIMMS (Proton-Ion Medical Machine Study).

Large and expensive accelerator limiting the access to this 

modern cancer treatment. 20 years after PIMMS CERN has 

launched a new initiative to reduce dimensions and cost of 

ion therapy accelerators. 

The Next Ion Medical Machine Study (NIMMS) is a collaborative design study initiated by CERN in 2019, with 

the goal of developing new technologies for a next generation of accelerators for cancer therapy with ion beams



Four NIMMS Work Packages
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1. Small synchrotrons

for particle therapy

2. Curved superconducting magnets 

for synchrotrons and gantries

3. Superconducting gantries

Reduced dimensions 

with improved 

performance 

(injection, extraction)

Canted Cosine 

Theta, NbTi or HTS

Precise beam delivery 

on multiple angles

4. High-frequency ion linacs
Compact bent layout
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EU 

supporting 

initiatives



The compact superconducting synchrotron
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Goal: a compact 

single-room ion 

therapy facility in 

about 1,000 m2

Japan: the roadmap of the National Institutes for Quantum 

and Radiological Science and Technology (NIRS-QST, 

Chiba) for reducing the footprint of heavy ion centres. Form 

the large HIMAC (1994) to 3rd and next generation 

(courtesy of K. Noda, NIRS-QST). 

Additional features 

➢ High intensity (2 x 

1010 C ions per pulse

➢ Slow and FLASH 

extraction

➢ Multiple ion operation

Alternative synchrotron layouts

10 m

Considerable gain in dimensions thanks to superconductivity



Linac for production of therapeutical radioisotopes
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A new ion therapy facility should include a new injector linear accelerator 
designed for lower cost, higher efficiency, and higher beam current.

With a minor additional investment, the linac will have 2 modes of 
operation: for injection in the synchrotron, and for sending the beam to a 
target for production of medical radioisotopes. 

Two frequencies being explored: 216 MHz and 325 MHz.

Isotopes being considered:

1. 211 At for Targeted Alpha Therapy, with 
alpha particles.

2. 117 mSn for theragnostic and bone 
metastasis, with alpha particles.

3. 11 C for PET scanning, with protons. 

to synchrotron

to radioisotope

production target

3 ion sources
12C4+, 600 mA
4He2+, 2-5 mA

p, 10 mA

Linac section1

q/m=1/3

Win=45 keV/u 

Wout= 5 MeV/u

Linac section2

q/m=1/2

Win= 5 MeV/u 

Wout= 7 MeV/u

Linac section3

q/m=1/2 or 1

Win= 7 MeV/u 

Wout= 10 MeV/u

Maximum 

duty cycle:

10%

Targeted Alpha Therapy with 211 At

Alpha-emitting therapeutic isotopes attached to 
antibodies and injected to the patient: accumulate 
in cancer tissues and selectively deliver their dose. 

Advanced experimentation, very promising for 
solid or diffused cancers (leukaemia). 

~10 m



Filling the empty areas in the EU hadrontherapy landscape
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Particle therapy centres in Europe. Courtesy of ENLIGHT, 2020

The Baltic gap (Estonia, Latvia, Lithuania)

The SEEIIST gap (Slovenia, Croatia, BosniaH., 
Serbia, Kosovo*, Montenegro, North 
Macedonia, Albania, Bulgaria, Greece)



The SEEIIST initiative
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➢ SEEIIST (South East Europe International Institute 

for Sustainable Technologies): a new international 

partnership aiming at the construction of a new 

Research Infrastructure for cancer research and 

therapy in South East Europe (11 member countries).

➢ SEEIIST is supported by the European Commission, 

to develop the facility design in collaboration with 

CERN and other partners.

➢ Goals are to develop a new advanced design and to 

build international cooperation and scientific capacity 

in a region that will join EU but is less develop and 

still divided, in the line of “science for peace”.

Accelerator 

Baseline: conventional normal-conducting synchrotron of the PIMMS type 

with 20 times more intensity and other modern features

Advanced option: superconducting synchrotron 

Goal: 50% research and 50% therapy



The unique SEEIIST ion therapy and research facility
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Intensive design work in 2019/20 in collaboration between CERN and SEEIIST, with the contribution of TERA and 

other NIMMS partners, and of the European ion therapy centres

A. Innovative SEEIIST features:

1. Optimised for 50% research and 50% 

patient treatment (~400 patients/year);

2. Providing 20 times higher beam 

intensity for carbon ions than present 

facilities;

3. Equipped with flexible extraction for 

operation in FLASH mode;

4. Equipped with dual mode linear injector 

capable of producing radioisotopes for 

cancer imaging and therapy.

C. Conservative SEEIIST 

feature:

The synchrotron adopts the 

well-established PIMMS 

design (known and available 

components, flexible layout 

for research);

D. Specific SEEIIST features:

1. Environmental strategy: 

minimise energy 

consumption, strategy for 

energy generation;

2. Conceived as a multiple-

hub facility, to federate 

partners in different 

countries.

B. Advanced SEEIIST features (common to other advanced facilities):

1. Operation with multiple ions: protons, Helium, Carbon, Oxygen, Argon;

2. Multiple energy extraction (multiple flat-tops) for faster treatment;

3. Equipped with a compact superconducting gantry of novel design.
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The proposed SEEIIST facility

Roof of 

accelerator 

building is 

removed to show 

accelerator 

components 



Hub structure and news from SEEIIST
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Modern distributed scheme for SEEIIST :
7 “hubs” in addition to the main site 

Despite the intervention of the Swiss Foreign Ministry as 
facilitator, in the spirit of “science diplomacy”, the 
political process is stalling.

After its initial support, the EC wants to see more 
engagement from the Balkan member states before a 
new action. 

Positive sign: Greece joined SEEIIST in 2022 and is 
becoming a very active member. 



A novelty - helium beams for cancer
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➢ Helium treatment was tried in Berkeley in the 70’s then stopped.

➢ Recent years have seen a surge of interest for He in the European ion 

centres, first patient treated in September 2021 at HIT Heidelberg.

➢ Clinical trials starting, will be soon licensed for treatment.

➢ An accelerator designed for helium treatment can easily produce protons 

for standard treatment, and be used for research with helium and heavier 

ions.

Some advantages of helium:

➢ reduced lateral scattering w.r.t. protons, 

➢ lower fragmentations than carbon, 

➢ lower neutron dose than protons or carbon, less risks in paediatric patients,

➢ could treat some radioresistant tumours at lower cost than carbon.

➢ might be better suited for FLASH than other ions.

Spread-out Bragg peak for proton, 

helium, carbon compared to X-rays
(K. Kirkby et al., Heavy Charged Particle Beam Therapy 

and related new radiotherapy technologies, 

https://doi.org/10.1259/bjr.20200247)

Recently published (August 2022) 

helium ion therapy Roadmap (63 pages)



Synchrotron because of size, flexibility and cost:

1. Can accelerate protons at treatment energy;

2. Can use protons at higher energy for full body 
on-line radiography;

3. Can accelerate other ions (carbon, oxygen) for 
biophysics experiments. 

4. Can be equipped with modern FLASH extraction 
and can produce mini-beams.

5. The linac injector can be used in parallel (at 
higher duty cycle) for production of 
radioisotopes (e.g. 211At) using helium ions.

Main features of an accelerator for helium therapy
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Main synchrotron  parameters:

❑ maximum magnetic rigidity 4.5 
T/m (220 MeV/u for 4He, 
penetration 30 cm in water). 

❑ Source current 2 mA for 8 x 1010

ions injected, to irradiate a 1 
litre tumour with 2 Gy with a 
factor 2 margin for losses.

❑ Helium injection energy 5 
MeV/u. Additional linac tank to 
accelerate only protons to 10 
MeV. 



Layout of a facility for treatment and research with helium 
and protons
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10 m

➢ Two beamlines for treatment, one 
for research.

➢ Rotating superconducting gantry 
(HITRIplus/SIG collaborations).

➢ Linac for parallel radioisotope 
production (211At for targeted 
alpha therapy)

➢ Surface ~2,000 m2



The synchrotron
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Design based on CERN experience in small synchrotrons (LEAR, LEIR, ELENA)

Q 

QF+SX 

ESE	

MSE	

ESI	

RF	

extracted	

injected	SX	 MSI	

Three straight sections 
(injection, extraction, RF)

Conservative dipole field of 
1.65 T (minor impact on 
ring size).

Estimated energy 
consumption ~430 kW (to 
be optimized).

Injector linac at 352.2 MHz, 
based on CERN Linac4 
design 

Preliminary design, 
circumference 33 m

Same design of straight sections can be used for a 
superconducting synchrotron for carbon ions



The Advanced Particle Therapy Centre for the Baltic States 
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Concept developed in collaboration between CERN/NIMMS 
and the CERN Baltic Group: a combined facility for research and 
therapy with proton and helium beams and alpha emitters. 

Proposal presented in June 2022 to the Health, Welfare and 
Family Committee of the Baltic Assembly that has expressed its 
support and invited the Baltic states to analyse the feasibility 
and cost of the project.

The facility will comprise:
- 2 treatment rooms (one equipped with rotating gantry)
- 1 experimental room
- Radioisotope production area (with helium beams)



The Baltic particle therapy centre: financing and siting
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Five candidate sites. Criteria for selection:

• Medical, local and political support

• Proximity of a large oncology hospital

• Accessibility: airport, railway, hosting 

facilities

• EC support

Source: T. Torims, RTU and CERN Baltic Group



Another direction - environmental applications

37

Low-energy electrons can break molecular bonds and be used for:

- Flue gas treatment (cleaning of SOx from smokes of fossil fuel power plants) 

- Wastewater and sewage treatment

- Treatment of marine diesel exhaust gases (removal of SOx and NOx). 

• Maritime transport is the largest contributor to air pollution: a 

cruise ship emits as much sulphur oxides as 1 million cars!

• Ships burn Heavy Fuel Oil, cheap but rich in Sulphur. Diesels 

(high efficiency) emit Nitrogen oxides and particulate matter.

• New legislation is going to drastically limit SOx and NOx 

emissions from shipping, with priority to critical coastal areas.

• So far, technical solutions exist to reduce SOx or NOx, but there 

is no economically viable solution for both. 

150 kV electron accelerator to 

break the high order molecules

that are then cleaned by a 

water jet (scrubber)

Hybrid Exhaust Gas Cleaning Retrofit Technology for 

International Shipping (HERTIS)
A project based on a patent from INCT Warsaw promoted by a 

collaboration of research institutions (including CERN), 

accelerator industry, shipyards, maritime companies, maritime 

associations (Germany, UK, Switzerland, Poland, Latvia, Italy).
From engine

To air



Test of HERTIS at Riga Shipyard, July 2019

38

Mobile electron accelerator system from FAP Dresden commonly used to treat crops connected to the exhaust funnel of the 

Orkāns, an old Soviet-built tugboat. The fumes then passed through a small water scrubber before being released in the air.

The tests confirmed the laboratory measurements 

and the overall effectiveness of the system.

Measured NOx removal rate 45% at full engine 

power with the available scrubber and accelerator. 

Estimated removal with optimised scrubber and 

homogeneous e-beam 98%.

SOx removal only measured in laboratory (no 

Sulphur allowed in port) with similar removal rates.



Some conclusions – what the future will be?
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➢ Medicine is becoming the technology driver of XXIst century. Our beam-based technologies are 
complementary, with different cost and range of applications. They will likely coexist, providing 
oncologists with a full arsenal of instruments to fight different types of cancer, to be selected on the basis 
of cost/benefit considerations (personalised medicine), and to be fully integrated (e.g. theragnostics)

➢ Industry is moving rapidly towards processes acting at the atomic level, where accelerators are crucial 
enabling instruments.

➢ The trend is towards compact systems, controlled by artificial intelligence, acting at the atomic and 
molecular level.

Medicine: Radiation Therapy, Proton Therapy, Ion therapy, FLASH, Targeted Alpha Therapy, Immunotherapy, …
Industry: Ion Beam Analysis, Neutron Radiography, Beam treatment, 3D printed accelerators,…

Where are we going? A few considerations:

The 4 industrial 

revolutions

Image credit: B. Horvath, 

S. Mundi, 2018 

Particle accelerators have the 

potential to become 

fundamental actors of the 4th

industrial revolution

allowing industry and medicine to 

exploit technologies based on the 

usage of subatomic particles



Spare slide
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Climbing up in Technology level, through the valley of death

41

C
u

m
u

la
ti

v
e 

P
ro

fi
t 

/ 
L

o
ss

profit

loss

“valley of death”

1-basic principle

2-technology concept

3-proof of concept

4-laboratory

5-environment

6-demonstrate

7-prototype

8-qualified

9 Funding 

schemes 

to close 

the gap



An innovative superconducting ion gantry
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Development of a rotating Superconducting Gantry for Carbon 
ions (SIGRUM), Supported by 2 collaborations:

➢ CERN-INFN-CNAO-MedAustron: magnets, dose delivery, 
range verification, scanning system.

➢ HITRIplus EU project (CNAO, RTU, SEEIIST, CERN: optics and 
mechanics design.

Gantry weight 30 tons

Magnet bending field 4 T 

New superconducting magnets and an innovative mechanical 

design allow for a reduction in weight and size of gantry


