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Four pillars underpin CERN’s mission

RESEARCH

EDUCATION 

& TRAINING

TECHNOLOGY 

& INNOVATION

COLLABORATION



Some historic examples
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Our toolbox to accelerate innovation



Knowledge Transfer Channels
Dedicated actions to foster the transfer of technologies and know-
how to other fields than particle physics 
(very often with the involvement of industry)

Technology-intensive procurement contracts

People
(very hard to quantify but extremely impactful for particle physics)
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Scout for 
technologies

Search unmet 
needs

ACCELERATORS

DETECTORS

COMPUTING

HEALTHCARE

ENVIRONMENT

DIGITAL

AEROSPACE

QUANTUM

Hybrid strategy: tech push & market pull

Create value 
propositions

Create tech and 
IP dossiers

Mobilize 
innovation 
partners

Mobilize tech 
experts



Shaping innovation partnerships

• Discussion with 
Innovation / R&D 
management

• Discovery day program 
at CERN

• Find mutual interest

Discover

• Define innovation 
ambitions and technical 
needs 

• Discuss expertise 
contributed by partners

• Timeline, resources, IP

Shape • Formalize partnership:

- Collaborative R&D
- License
- Consultancy
- Contract Research

Execute
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Georges Charpak, Fabio Sauli and Jean-

Claude Santiard working on a multiwire 

chamber in 1970

David Townsend and 

Alan Jeavons, 1978



From CERN 

technologies 

to medical and 

biomedical applications 

Updated June 2023

https://cds.cern.ch/record/2864317/files/English.pdf
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ICT for medical applications

Radiation Monitoring and Dosimetry

Medical Imaging

Radiotherapy

Nuclear Medicine

Robotics

Medical devices
11



https://link.springer.com/article/10.1186/1878-5085-4-9
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From the 

PIMMS Study @
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Hadron therapy

Active since the 1990s:

- synchrotrons for C-ion therapy

- linear accelerators for innovative 

proton therapy systems
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4400 patients treated 2011-2022 1680 patients treated 2017-2022

Licensed to AVO (Advanced 

Oncotherapy) – ADAM

Since 2019:

focus on innovative technologies for 

multi-ion therapy 



An intense beam of electrons is produced in a 

photoinjector, accelerated to around 100 MeV and then is 

expanded, shaped and guided to the patient.

The design of this facility is the result of an intense 

dialogue between groups at CHUV and CERN.

Jean Bourhis from CHUV: 

“The clinical need that we have really converges with the 

technological answer that CERN has.”

FLASH VHEE therapy

CLIC technology for a FLASH VHEE facility being 

developed in collaboration with CHUV (Lausanne 

University Hospital) and THERYQ (ALCEN Group)
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The remarkable connection between CLIC technology and 
FLASH electron therapy

Very intense electron beams

CLIC – to provide brightness needed for delicate physics 

experiments

FLASH – to provide dose fast for biological FLASH effect

Very precisely controlled electron beams

CLIC – to reduce the power consumption of the facility

FLASH – to provide reliable treatment in a clinical setting

High accelerating gradient (that is high beam energy gain per 

length)

CLIC – fit facility in Lac Leman region and limit cost

FLASH – fit facility on typical hospital campuses and limit 

cost of treatment
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FLASH therapy – a growing clinical interest

First human patient – skin cancer treated 

with 10 MeV-range electrons

Vozenin et al
Clin Cancer Res
2018

Jean Bourhis (CHUV)



Medipix

18Michael Campbell (CERN)

A family of pixel detector read-out chips for particle imaging and 

detection developed by the Medipix Collaborations



The water has been partly cut away to reveal the bone, 

gold, gadolinium and iodine
Images presented and the European Congress of Radiology, Vienna, March 2017.

Spectroscopic information permits 

material separation

A. Butler, University of Canterbury 19
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Colour x-ray of a lighter

31-50 keV14-23 keV9-14 keV

RGB:

9-50 keV

S. Procz et al.



It’s really small...

MiniPIX TPX3 
Miniaturized spectral camera supporting Si and CdTe sensors
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Manuela.Cirilli@cern.ch 22



Accelerator

protons

Secondary beam

Radioisotopes

Primary beam ions

electrons

Low

energy

High

energy

Proton 

therapy

Ion 

therapy

IORT Intra Operative Radiation Therapy, 

skin cancer

Very High Energy Electron 

(VHEE) 

Particle

therapy

X-rays

neutrons

Radiation 

therapy

Neutron

therapy

Imaging,

diagnosis

therapy

PET

SPECT

brachytherapy

Targeted alpha therapy

target
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MEDICIS Laboratory

MEDICIS Target
Irradiation

Rail
Conveyor
System

CERN-MEDICIS
Non-conventional isotopes collected by mass 

separation for new medical applications
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“Free” proton beam

(otherwise lost in the dump)
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68Ga-PSMA-11 PET/CT scans of patient B. In comparison to initial tumor spread (A), restaging after 2 

cycles of β-emitting 177Lu-PSMA-617 presented progression (B). 

Clemens Kratochwil et al. J Nucl Med 2016;57:1941-1944



Radioisotopes & Nuclear Medicine

Classification of isotopes for 

Medicine:

1. Established isotopes        → Industrial suppliers
99mTc, 18F, 123,125,131I, 111In, 90Y  

2. Emerging isotopes         → Small innovative suppliers
68Ga, 82Rb, 89Zr, 177Lu, 188Re

3. R&D isotopes → Research labs
44,47Sc, 64,67Cu, 134Ce, 140Nd, 149, 152, 155, 161Tb, 166Ho, 195mPt, 
211At, 212, 213Bi, 223Ra, 225Ac,…

Courtesy U. Koester 

V IEN N A IN T ERN ATION AL CEN T ER -  ROO M M 2 -  

  9 - 10  OCT OBER 2 0 18  

9:00 - 9:20       Welcome Session 

Joao Osso, IAEA

Aldo Malavasi, DDG-NA

Mar ia Bet t i, Direct or  JRC

Jehanne Gillo, Direct or  DOE 

  Juer gen Gay, Bayer  

 

10:00 - 10:30       Coffee Break 

  12:30 - 14 :00        Lunch Break 

10:30 - 12:10       Session 1.1: Clinical Applications of Ac-225 Reports 

Clem ens Kratochw il, Universit y  Hosp it al Heidelberg

Mike Sathegke, Universit y  of  Pret or ia

Leszek Krolicki, Med ical Universit y  W arsaw

Mat t ias Eiber , Technical Universit y  Munich

Joseph Jurc ic, Universit y  of  Colum b ia 

D A Y  1 :  T U E S D A Y  O C T .  9 t h

9:20 - 9:4 0       Opening Statements 

Joao Osso, IAEA

Alf red  Morgenst ern, JRC 

9:4 0 - 10:00       Session 1: Clinical Applications of  Ac-225 

TBD g eneral 

12:10 - 12:30       Session 1.2: Alpha-radiopharmaceuticals: f rom bench to bed experience 

14 :00 - 14 :20       Session 2: Production of Ac-225 

 Alf red  Morgenst ern, JRC  

 

Moderator: TBD

 
 

Technical Meeting on 

Novel Multidisciplinary Applications with Unstable Ion Beams 

and Complementary Techniques  
10–14 December 2018 

IAEA Headquarters, Vienna, Austria 
 

 

Information Sheet 
 

 

A. INTRODUCTION 

During the last two decades, nuclear physics research has triggered unique 

developments in accelerator technologies and associated nuclear instrumentation. 

Among the most challenging projects is the production and subsequent acceleration of 

unstable (radioactive) beams with intensities allowing for not only leading fundamental 

research, but also for a variety of applications in domains of large societal impact and 

increased industrial interest, such as human health, environmental and space 

applications, energy, and the development of new materials. 

 

To date, many of these applications are receiving a continuously increasing interest due 

to their unique analytical potential and irreplaceability in certain scientific and 

technological domains. In this context, various industrial applications may emerge from 

research programmes based on the production and use of radioactive ion beams (RIBs).  

 

Under these conditions, applications of RIBs and of new radioisotopes resulting from 

the recent accelerator technologies may have a positive impact on the socio-economic 

development of IAEA Member States, and therefore justifies being explored in a 

coordinated manner. 

 

B. OBJECTIVES 

The purposes of the Technical Meeting are: to assess and facilitate the establishment of 

a worldwide community active in RIB-based applications; to gather the community’s 

interests and priorities and to explore synergies and shared goals; to assess the most 

relevant tools and methods used for RIB production and RIB applications; to enhance 

interaction among experts in the field; to document the need for future developments in 

instrumentation and methods for RIB-based applications and to prepare an IAEA 

technical publication based on the contributed papers.   
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27Thierry Stora (CERN)

Theranostics

A Unique Matched Quadruplet of Terbium Radioisotopes for PET and SPECT and for α- and β−-Radionuclide Therapy: An In Vivo Proof-of-Concept Study with a New 

Receptor-Targeted Folate Derivative

Cristina Müller, Konstantin Zhernosekov, Ulli Köster, Karl Johnston, Holger Dorrer, Alexander Hohn, Nico T. van der Walt, Andreas Türler and Roger Schibli

Journal of Nuclear Medicine December 2012, 53 (12) 1951-1959; DOI: https://doi.org/10.2967/jnumed.112.107540
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MARCHESE

Remote contactless human recognition and 

health monitoring system. Neonatal 

monitoring, rehab, elderly patients, search 

and rescue.

Collaboration with CHU Lille.

CAFEIN

A modular federated learning platform to support 

medical analysis, diagnosis and predictions. 

Being applied to brain imaging, cancer screening, 

stroke management.

EC-funded project Trustroke.

CAiMIRA

a risk assessment tool developed to 

model the concentration of viruses in 

enclosed spaces

Collaboration with WHO. 

Open-source, used worldwide

BioDynaMo

An agent-based simulation environment for 

multidisciplinary use

Open source, collaboration for specific use cases



Construction of a 
compact, transportable 
accelerator

based on the HF-RFQ 
developed at CERN

In collaboration with
INFN-CHNet (Cultural 
Heritage Network)

MACHINA

Movable Accelerator for 
Cultural Heritage In-situ 

Non-destructive Analysis
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InsightArt
Start-up using Medipix
X-ray eyes for cultural heritage



Bundesdruckerei (Berlin) works with CERN on next 
generation ideas for identity management 

and cryptography and data handling.

Consultancy



ZENSEACT (Volvo Cars 
Company) teams up with CERN 

on extremely fast machine 
learning using FPGAs.

Collaborative R&D



ZENSEACT (Volvo Cars 
Company) teams up with 

CERN on fast machine 
learning using FPGAs.

Collaborative R&D

CERN and ABB team up on 
reducing electricity in cooling 

and ventilation.

Collaborative R&D



Collaboration with CORMEC and WUR to 
support national banks and regulators to 
detect trading anomalies in stock market.

Collaborative R&D



License

MARS Bio Imaging: 
next generation X ray 
finally in color using 

CERN chips
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Timepix on the ISS



TIND:
a CERN spin-off providing solutions for library
management and data preservation based on 
the CERN open source software Invenio
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Digital Preservation



Key lessons learned
• CERN is strong in the ‘extremes’ of the technology scale

• You need passionate experts on both sides to succeed

• Start with a concrete project and clear business need

• Mind the gap – in language, ‘clockspeed’ and culture

• Driving deep tech innovation requires courage

Key challenges

• CERN experts are busy

• Our technologies have low TRL

• What is our Unique Value Proposition?



Molte grazie

per 

l’attenzione


