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From CERN technologies to 
Medical Applications
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The medical applications-related projects presented in this talk are carried out by the CERN scientists 
and engineers: without their skills, ingenuity, and dedication, there would be no knowledge to transfer! 

The KT group and myself are privileged to have the opportunity to support these projects in a tailored 
way, and to help bridge the gap between CERN technologies and society.

Warm thanks (in no particular order) to all those who shared with me material, insights, stories, 
throughout the years, and apologies to those I unintentionally forgot.
Ugo Amaldi, Manjit Dosanjh, Sandro Rossi, Enrico Felcini, Silvia Meneghello, Christoph Kurfürst, 
Etiennette Auffray, Luca Bottura, Michael Campbell, Roberto Corsini, Alberto Di Meglio, Ariel Haziot, 
Mikko Karppinen, Alessandra Lombardi, Diego Perini, Marco Silari, Thierry Stora, Davide Tommasini, 
Maurizio Vretenar, Walter Wuensch, Giovanni Anelli, Benjamin Frisch, Alessandro Raimondo
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We develop technologies in three key 
areas

ACCELERATORS DETECTORS COMPUTING
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CERN’s technological innovations have 
applications in many fields

CERN is the birthplace 
of the World Wide Web

And there are many more examples
Medical imaging, cancer therapy, material science, cultural heritage, 

aerospace, automotive, environment, health & safety, industrial processes.
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Strategy and framework 
approved by CERN 
Council in 2017
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Georges Charpak, Fabio Sauli and 
Jean-Claude Santiard working on a 
multiwire chamber in 1970
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© CERN



First mouse imaged at 
CERN with Na-18F in 1978
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David Townsend and Alan Jeavons
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1980s: Marilena Streit-Bianchi and 
the CERN Radiobiology group



From the 
PIMMS Study @
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ENLIGHT was established to co-ordinate  
European  efforts in using ion beams for radiation 

therapy and to catalyse collaboration and co-
operation among  the different disciplines 

involved. ENLIGHT had  its inaugural meeting in 
February 2002  at CERN and was funded by the 

European Commission for its first 3 years.

While the ENLIGHT network itself flourishes 
without direct dedicated funding since 2006, the 
R&D and training activities under the umbrella of 

ENLIGHT have been funded primarily through 
European Commission (EC) projects.

http://cern.ch/enlight

2012: Manjit Dosanjh, ENLIGHT co-
ordinator, and members of the 
ENLIGHT network at the ENLIGHT 
10th anniversary meeting



Protons: the LINAC way
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1990
RFQ2 

200 MHz
0.5 MeV /m

Weight :1200kg/m
Ext. diametre : ~45 cm 

2007
LINAC4 RFQ

352 MHz
1MeV/m

Weight : 400kg/m
Ext. diametre : 29 cm

2014
HF RFQ
750MHz

2.5MeV/m
Weight : 100 kg/m

Ext. diametre : 13 cm

Compact High-Frequency Radio Frequency 
Quadrupole (RFQ)

M. Vretenar, A. Dallocchio, V. A. Dimov, M. Garlasché, A. 
Grudiev, A. M. Lombardi, S. Mathot, E. Montesinos, M. Timmins, 
“A Compact High-Frequency RFQ for Medical Applications”, in 

Proc. LINAC2014, Geneva, Switzerland, September 2014

Licensed to AVO-ADAM



Next Ion Medical Machine Study (NIMMS)

Why ions?
Proton therapy is now commercially available.
Ion therapy (mainly carbon) still bespoke facilities.

An R&D programme based at CERN for critical technologies related to ion therapy

Focus on the development of key technologies (a toolbox) corresponding to CERN core
competences. 

See the talk from Maurizio Vretenar, 
NIMMS Coordinator

Maurizio Vretenar (CERN) Manuela Cirilli - TERA 30th anniversary 14



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.”

CERN – CHUV collaboration on FLASH VHEE therapy

CLIC technology for a FLASH VHEE facility 
being designed in collaboration with Lausanne 
University Hospital CHUV

Manuela Cirilli - TERA 30th anniversaryWalter Wuensch (CERN) 15



MEDICIS
Laboratory

MEDICIS
Target

Irradia3on

Rail
Conveyor

System

CERN protons

Thierry Stora (CERN)

CERN-MEDICIS
Non-conventional isotopes collected by mass 
separation for new medical applications
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Initiated in 1990 by P. Lecoq, approved in 1991 
by CERN for R&D for future LHC detectors 

R&D on inorganic scintillators for HEP, medical 
imaging, industry

A CERN group very active in Positron Emission 
Tomography (PET), now focusing on:

Flexible testing facility to test “any” PET detector 
configuration

Scintillating heterostructures 

pushing the limit of TOF-PET resolution

Crystal Clear Collaboration – CERN RD18 Experiment

17Manuela Cirilli - TERA 30th anniversaryEtiennette Auffray (CERN)

Development of a versatile PET scanner prototype, Polesel et al, IEEE MIC 2019 (Manchester), poster M-13-168



Medipix

Manuela Cirilli - TERA 30th anniversary 18Michael Campbell (CERN)

A family of pixel detector read-out chips for particle imaging 
and detection developed by the Medipix Collaborations



Hybrid Silicon Pixel Detectors

Noise-hit free particle detection
Standard CMOS can be used allowing on-pixel signal processing 
Sensor material can be changed (Si, GaAs, CdTe..)

p+

n-

ASIC
n-well

p-substrate

Semiconductor 
detector

Bump-bond 
contact

Charged particle

gm
Iin Vout

Manuela Cirilli - TERA 30th anniversary 19Michael Campbell (CERN)
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Colour x-ray of a lighter

31-50 keV14-23 keV9-14 keV

S. Procz et al.
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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.
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Colour x-ray of a lighter

14-23 keV

S. Procz et al.



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 Manuela Cirilli - TERA 30th anniversary 23



First 3D colour X-ray of a human using the Medipix3 technology developed at CERN

Manuela Cirilli - TERA 30th anniversary 24

Fast forward to 2018 
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Slide courtesy of Anthony Butler, University of Canterbury
Presented at 6th Workshop on Medical Applications of Spectroscopic X-ray Detectors, 29 Aug 2022, CERN
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Slide courtesy of Anthony Butler, University of Canterbury
Presented at 6th Workshop on Medical Applications of Spectroscopic X-ray Detectors, 29 Aug 2022, CERN
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1 mm

Ethanol-preserved mouse heart scanned using the WidePIX10x5 detector
60 kVp tungsten spectrum

720 projections, 5 seconds per projection (one hours total)
Spatial resolution ca. 7 µm

Reconstructed using Volex, visualized using CTVox and Amide software

Slide courtesy of J. Dudak, IEAP, Czech Technical University



It’s really small...

MiniPIX TPX3 
Miniaturized spectral camera supporting Si and CdTe sensors
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250 – 300 keV 350 – 400 keV 500 – 550 keV 650 – 700 keV

131I  284 keV (7%) 137Cs  662 keV22Na 511 keV131I 364 keV

Manuela Cirilli - TERA 30th anniversarySlide courtesy of D. Turecek, ADVACAM s.r.o.

Single Layer Compton Camera with MiniPIX TPX3 – Multiple Gamma Sources



Thyroid cancer diagnostics and treatment 
monitoring:

The second most frequent cancer for women 
(after breast cancer)

Current imaging methods offer resolution of about 
12 mm in 2D

Our technology allows 

5 times better resolution and 3D (2.5 mm)

4 times lower dose 

31

Gamma camera applications: Thyroid diagnostic

Manuela Cirilli - TERA 30th anniversarySlide courtesy of D. Turecek, ADVACAM s.r.o.
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ARDENT at CNAO on 19 October 2012 
– The birth of the GEMPix

Marco Silari (CERN)
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Beam

Bragg Peak

Fragmentation Tail

Plateau

3D dose reconstruction after depth scan at CNAO

GEMPix for hadron therapy

Marco Silari (CERN)



53 cm

170 cm135 cm

96 cm

Colour maps of the photon fluence measured with a 
Timepix III in an hospital theatre at four horizontal eights.
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Reference person: 1.76 m

Eye lens - 170 cm

Chest - 135 cm

Belt - 96 cm

Knee - 53 cm

TimePIX 3 photon fluence 
measurement in hospital theatres

Courtesy of M. Nowak

34Manuela Cirilli - TERA 30th anniversaryPierre Carbonez (CERN)
Marie Nowak CERN PhD. Student 2017-2020
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Image of Polygon-Surface Reference Korean Male Phantom 
(PSRK-Man), implemented in Geant4. Courtesy of C.-H. Kim & 

C. Choi, Hanyang Univ.

Simulation using Geant4-DNA of irradiation of a 
pBR322 plasmid, including radiolysis

- movie courtesy of V. Stepan (NPI-ASCR/CENBG/CNRS/IN2P3/ESA



Sensitivity studies of Monte Carlo TP recalculations
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Proton prostate patient case 
(MedAustron)

W.Kozlowska PhD
Calibration of HU to density
HU to tissue conversion methods
Size of the scoring grid 
Ionization potentials of tissue materials
Accuracy of primary beam description

Manuela Cirilli - TERA 30th anniversaryVasilis Vlachoudis (CERN)
Wioleta Kozlowska, CERN PhD student
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Developed by CERN personnel to assess the COVID 
airborne risk in indoor spaces with a risk-based 
approach.

Includes hourly fluctuations in outdoor temp (GVA 
data) and detail window modelling for natural 
ventilation, complex occupancy and ventilation 
profiles.

Andre Henriquez (CERN)
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MARCHESE
Machine learning based human recognition and 
health monitoring system

CAFEIN
A modular platform to support medical analysis, 
diagnosis and forecast

Living lab
a big-data analytics platform for large-scale studies 
of data under special constraints, such as 
information that is privacy-sensitive, or that has a 
varying level of quality, associated provenance 
information, or signal-to-noise ratio. 

Luigi Serio (CERN)
Alberto Di Meglio (CERN)

Mario Di Castro (CERN)

MediBox
ScienceBox for medical data analysis
Pere Mato(CERN)



In the end, utility resulted, but it
was never a criterion to which
his (Faraday’s, ndr) ceaseless

experimentation could be subjected. 

I am not for a moment suggesting that
everything that goes on in laboratories
will ultimately turn to some unexpected

practical use or that an ultimate
practical use is its actual justification. 1939!
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From HEP to society: 
a long and winding road…

Manuela Cirilli - TERA 30th anniversary 40



Visit kt●cern
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https://kt.cern/

