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From CERN technologies to 

Medical Applications



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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Georges Charpak, Fabio Sauli and 
Jean-Claude Santiard working on a 
multiwire chamber in 1970
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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
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Strategy and framework 

approved by CERN 

Council in 2017
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Updated strategy paper

Approved by CERN Council in June

https://cds.cern.ch/record/2864317?ln=en
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ICT for medical applications

Radiation Monitoring and Dosimetry

Medical Imaging

Radiotherapy

Nuclear Medicine

Robotics

Manuela.Cirilli@cern.ch

Medical devices
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As of 2014 there were 42,200
accelerators worldwide: 
27,000 (64%) in industry, 

14,000 (33%) for medical purposes
1,200 (3%) for basic research. 

These figures exclude electron
microscopes and x–ray tubes, and 
the security and defense industries. 

Chernyaev, A. P. and Varzar, S. M. (2014). Particle accelerators in 
modern world. Physics of Atomic Nuclei, 77(10):1203–1215. 

Over 70 companies and institutes 
produce accelerators for industrial

applications; these organizations sell
more than 1,100 industrial systems

per year — almost twice the number
produced for research or medical

therapy — at a market value of $2.2B. 

Over $1B of this amount is generated
by the sales of accelerators for ion 

implantation into materials —
primarily semiconductor devices —

whose worldwide value of production 
is about $300B.

Hamm,R.andHamm,M.(2012).Industrial accelerators and their
applications. World Scientific Publishing Co. 

Los Alamos National Laboratory/Flickr, CC BY-NC-ND10Manuela.Cirilli@cern.ch
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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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Courtesy Maurizio Vretenar
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Protons, ions: hadron therapy, particle therapy, 

(light, heavy) ion therapy
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https://link.springer.com/article/10.1186/1878-5085-4-9
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From the 
PIMMS Study @
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16 Dipoles

to bend
24 Quadrupoles

to focus
20 Correctors

to steer

1 RF cavity

to accelerate

Linac

to pre-

accelerate

Sources

to generate



The image shows an optimized plan with two opposite 
fields for a chordoma patient using protons (left) or 12C 

ions (right). 

Image from the GSI patient project archive, 
distributed under Creative Commons CC BY 4.0.

From pioneering rasterscanning & 
carbon ion pilot project @

440 patiens
1998-2008

Since 2009*:
2841 patients with p

3793 patients with C-ion
* Until Dec 2020, source ptcog.ch
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X-ray linac

Multi heavy ions 
(protons + 

carbon ions)

Proton multi-room

Proton single-
room

2

200

Messi

Higuain

Karius

Mandžukić

Courtesy 
(I’ll never thank him enough!)

Marco Durante (GSI)
JENAS 2019

https://indico.ijclab.in2p3.fr/event/5418/timetable/#20191016.detailed
Manuela.Cirilli@cern.ch 20



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

Protons: the LINAC way

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

Manuela.Cirilli@cern.ch 21

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. 

Manuela.Cirilli@cern.ch



Three alternative accelerator designs

23

Linear accelerator

Linear sequence of accelerating 
cells, high pulse frequency. 

Length  ~ 53 m

Improved synchrotron 
(warm) 

Equipped with several 
innovative features: multi-turn 
injection for higher beam 
intensity, new injector at higher 
gradient and energy, multiple 
extraction schemes, multi-ion.

Circumference ~ 75 m

Improved synchrotron 
(superconducting) 

Equipped with the same 
innovative features as warm, 
but additionally 900

superconducting magnets.

Circumference ~ 27 m

Other options considered as less interesting because of cost and/or required R&D: RC synchrotron, FFAG, SC cyclotron, PWFA

Manuela.Cirilli@cern.ch

Courtesy: TERA

Maurizio Vretenar (CERN)



Collaboration CERN-CIEMAT-CDTI-Spanish industry

2.0 m long
750 MHz

Will deliver Carbon (or Helium) at 5 MeV (total 
energy)

Designed at CERN built in Spanish Industry

First (of 4 sections) completed

Manuela.Cirilli@cern.ch 24

The RFQ for C6+ LINAC option

Alessandra Lombardi (CERN)



R&D on gantries

Collaboration CNAO-INFN-CERN-MedAustron
start 2022

EuroSIG

GaToroid: A Novel Concept for a 
Superconducting Compact and Lightweight

Gantry for Hadron Therapy

Manuela.Cirilli@cern.ch 25
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FLASH therapy – a growing clinical interest
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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)



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)

28Manuela.Cirilli@cern.ch
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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 CERN KT Seminar on April 26th, 2021 

https://indico.cern.ch/event/975980/

Walter Wuensch (CERN)



The CERN Linear Electron  

Accelerator for Research (CLEAR)

CLEAR is a versatile 
200 MeV electron linac
+ a 20m experimental 
beamline, operated at 
CERN as a multi-
purpose user facility.

Manuela.Cirilli@cern.ch 30Roberto Corsini (CERN)



VHEE activities in CLEAR

Manuela.Cirilli@cern.ch 31

Calibration of operational medical dosimeters 
– nonlinear effects with high-dose short pulses

Verification of FLASH effect using biological 
dosimeters

Experimental verification of dose deposition 
profiles in water phantoms

Demonstration of “Bragg-like peak” deposition 
with focused beams

A. Lagdza, R. Jones et al., Influence of heterogeneous media on Very High Energy Electron (VHEE) dose 
penetration and a Monte Carlo-based comparison with existing radiotherapy modalities, Nuclear Inst. and 

Meth. in Physics Research, B, 482 (2020) 70-81.

M. McManus, A. Subiel et al., The challenge of ionisation chamber dosimetry in ultra-short pulsed high 
dose-rate Very High Energy Electron beams, Nature Scientific Reports (2020) 10-9089.

Small, K.L., Henthorn, et al., Evaluating very high energy electron RBE from nanodosimetric pBR322 
plasmid DNA damage, Nature Sci. Rep. 11, 3341 (2021). 

D. Poppinga et al., VHEE beam dosimetry at CERN Linear Electron Accelerator for Research under ultra-
high dose rate conditions, 2021 Biomed. Phys. Eng. Express 7 015012.

Kokurewicz, K., Brunetti, E., Curcio, A. et al. An experimental study of focused very high energy electron 
beams for radiotherapy, Nature Commun. Phys. 4, 33 (2021). 

Strathclyde 
and Manchester

Roberto Corsini (CERN)



Medipix

Manuela.Cirilli@cern.ch 32Michael 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@cern.ch 33Michael Campbell (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
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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.



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@cern.ch 36



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

Manuela.Cirilli@cern.ch 37

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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It’s really small...

MiniPIX TPX3 
Miniaturized spectral camera supporting Si and CdTe sensors

41Manuela.Cirilli@cern.ch



42

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@cern.chSlide 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 

43

Gamma camera applications: Thyroid diagnostic

Manuela.Cirilli@cern.chSlide courtesy of D. Turecek, ADVACAM s.r.o.



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

44Manuela.Cirilli@cern.chPierre Carbonez (CERN)
Marie Nowak CERN PhD. Student 2017-2020



Energy spectra for each height for a given person

Shift in energy from head to toes = non homogenous exposure

Manuela.Cirilli@cern.ch 45

TimePIX 3 photon fluence 

measurement in hospital theatres

Pierre Carbonez (CERN)
Marie Nowak CERN PhD. Student 2017-2020

Courtesy of M. Nowak



PET

Manuela.Cirilli@cern.ch 46
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Haderian 
glands

Medulla oblongata

Glottis / tongue

Olfactory bulb cerebellum ClearPET
PET for small anymals

Rat brain FDG image, Julich, Germany

ClearPEM
Dedicated scanner for breast imaging

EndoTOFPET
Ultrasound endoscopic PET for 
diagnosis of pancreas & 
prostate cancer 

Etiennette Auffray (CERN)
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Current status commercial TOF-PET

51

TOF PET SIEMENS: BIOGRAPH VISION

Webpage SIEMENS:
https://static.healthcare.siemens.com/siemens_hwem-hwem_ssxa_websites-context-

root/wcm/idc/groups/public/@global/@imaging/@molecular/documents/download/mda4/
mzmy/~edisp/biograph_vision_technical_flyer-05440720.pdf

3.2mm section crystals
CTR 215ps

See presentation KT/EP seminar 6 September 2021
from Maurizio Conti

Manuela.Cirilli@cern.chEtiennette Auffray (CERN)

https://indico.cern.ch/event/1061254/
https://indico.cern.ch/event/1061254/


In the CERN Crystal Clear group: <160 ps with DOI

8

Obtain high Depth Of 
Interaction resolution

Type of 
array

Crystals dim. 
[mm3]

DOI resolution
FWHM [mm]

En. Res. FWHM @ 
511 keV [%] 

CTR FWHM [ps], central pixels 

No correction With DOI correction

DOI 3.1 x 3.1 x 15 3.0 ± 0.1 8.9 ± 0.2 234 ± 2 157 ± 2

DOI information extracted without degradation of timing properties M. Pizzichemi et al, Phys. Med. Biol. 61 (2016) 
4679

Manuela.Cirilli@cern.chEtiennette Auffray (CERN)



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.   

 

Manuela.Cirilli@cern.ch 53Thierry Stora (CERN)
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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
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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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ISOLDE has been running @CERN for > 50 years

Thierry Stora (CERN)



MEDICIS Laboratory

MEDICIS Target
Irradiation

Rail
Conveyor
System

Thierry Stora (CERN)

CERN-MEDICIS
Non-conventional isotopes collected by mass 
separation for new medical applications

57

“Free” proton beam
(otherwise lost in the dump)

Manuela.Cirilli@cern.ch



Thierry Stora (CERN)

CERN-MEDICIS

58

From CERN-MEDICIS to the lab/Hospital

(Countries: BE, CH, FR, PK, PT, LV, UK)

120MBq Auger 165Tm >99%
Produced/delivered in 24hr Some MEDICIS isotopes :

High activity Sm-153, Ba/Cs-128, Tm/Er-165

Defined by the MEDICIS CB board,
1st-proof-of-concepts type of studies

Manuela.Cirilli@cern.ch



PRISMAP – The European medical radionuclides programme

Manuela.Cirilli@cern.ch 59

Achievements in 2022:
15 projects for biomedical research with novel radionuclides selected across Europe

PRISMAP invited to present research needs in the field of novel biomedical radionuclides
to the EU Commissioner for research and education Mariya Gabriel 

www.prismap.eu/access/user-projects (BE, CZ, DE, ES, FR, IT, PT, UK)

Thierry Stora (CERN)

http://www.prismap.eu/access/user-projects


https://medicis.cern/approved-projects (32 projects), 23 scientific articles published

New “theranostics” (therapy+diagnostics) radionuclides

Manuela.Cirilli@cern.ch 60

Research Topical issue
in Frontiers in Medicine

Cicone F et al: Internal radiation dosimetry of a (152)Tb-labeled
antibody in tumor-bearing mice. EJNMMI Res. 2019 Jun 11;9(1):53. 
doi:10.1186/s13550-019-0524-7

Talip Z., et al;; Production of mass separated erbium-169 towards the 
first preclinical in vitro investigations. Frontiers in Medicine (2021), 
doi: 10.3389/fmed.2021.643175

Project 12 entitled “Added Value using Terbium-
161 over Lutetium-177 in Combination with the 

metabolically more stable GRPR Ligand AMTG for 
Targeted Radiotherapy of GRPR-expressing 

Malignancies? – A Preclinical Evaluation” started 
on 15 November 2022 with the first delivery of Tb-

161 by PSI, followed by two additional deliveries in 
December 2022 by PSI and SCK CEN

(https://www.prismap.eu/news/newsletter-feed/)

Thierry Stora (CERN)

https://medicis.cern/approved-projects
https://ejnmmires.springeropen.com/articles/10.1186/s13550-019-0524-7
https://www.frontiersin.org/articles/10.3389/fmed.2021.643175/abstract
https://www.prismap.eu/news/newsletter-feed/


Gamma-MRI project

Manuela.Cirilli@cern.ch 61

Development of a new medical diagnostic modality

Combine high spatial resolution (MRI) and high sensitivity (radiotracer)

Proof-of-principle by U Virginia: Y. Zheng, et al., Nature 537, 652 (2016)

Polarised gamma-emitting tracer => anisotropic decay

Magdalena Kowalska (CERN)
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Digital Technologies



Geant4 – a simulation toolkit

Manuela.Cirilli@cern.ch 63

Open source

CERN strongly contributes to its core development

Other Geant4 collaboration members developed 
specific capabilities and applied them in G4 
medical applications

John Apostolakis (CERN)



Human phantoms

Manuela.Cirilli@cern.ch 64

Image of Polygon-Surface Reference Korean Male Phantom 
(PSRK-Man), implemented in Geant4. Courtesy of C.-H. Kim & 

C. Choi, Hanyang Univ.



Radiation Environment –

model of space station 

Manuela.Cirilli@cern.ch 65

Courtesy T. Ersmark, KTH Stockholm



Geant4-DNA applications

Model of nucleosome created using DnaFabric*, imported 
into Geant4 to model irradiation, repair mechanisms.

* S. Meylan et al, Comp. Phys. Comm. 204 (2016) p159 

66Manuela.Cirilli@cern.ch

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

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



Tools for specific 

applications

based on Geant4

Tools provide specific capabilities for creating 
setups, measuring 

create setup, steer simulation via ‘text commands’

output adapted for application-area

GATE (FR, DE, GR, PL, AT) - PET/SPECT,

TOPAS (US) - protontherapy

GAMOS (ES) - for nuclear medicine applications

Developed by external parties - using capabilities of 
G4 toolkit

Example GATE geometries 

67Manuela.Cirilli@cern.ch

http://opengatecollaboration.org/
http://topas-mc.org/
http://fismed.ciemat.es/GAMOS/
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/fleə(r)/ n [U,C] natural or instinctive ability (to do something 
well,
to select or recognize what is best, more useful, etc.

[Oxford Advanced Dictionary of Current English]

Flair – fluka advanced 

interface

is more than a graphical Interface

→ is a complete integrated working environment for FLUKA

Greatly enhanced productivity
→ users focus on their problem rather than on technicalities

Improvements for medical simulations

Process DICOM standard files for radiotherapy purposes

Provides easy-to use tool for treatment plan re-simulation and 
quantitative comparison

Enables precise description of patient model and beam 
delivery system

Vasilis Vlachoudis (CERN)

In this presentation: a selection of 
results obtained by the CERN group
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3D spatial dose distribution simulated with FLUKA

Importing  the RT DOSE with the activity mapping of 68Ga

Simulation of the 68Ga decays

Very fast setup time
less than a few minutes with a few clicks from the user

Run FLUKA simulations with no programming skills or file 
editing requirements!

Vasilis Vlachoudis (CERN)



Sensitivity studies of Monte Carlo TP recalculations

70

Proton prostate patient case 
(MedAustron)

W.Kozlowska PhD

Manuela.Cirilli@cern.chVasilis 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.

Manuela.Cirilli@cern.ch



Extension to the medical field of AI tools for 

functional and dependency analysis of complex critical infrastructure 

digital imaging for radiography autonomous defects detection

Background work:

the CASO platform: AI-assisted diagnosis and predictive maintenance for critical infrastructures 
operation

the CAFEIN platform: AI-assisted X-ray image analysis for quality control of LHC welds

72Manuela.Cirilli@cern.ch
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Final Output- Screening Tool

74Manuela.Cirilli@cern.ch



MARCHESE: Remote Monitoring of Health Parameters

Background: response time of a rescue team of CERN Fire Brigade could 
take up to 22 minutes in the LHC tunnel. 

The research is oriented towards the development of robotic solutions: 
workers’ detection and health contactless monitoring during emergencies 
situations is important to support in search and rescue scenarios.
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PHOTOPLETHYSMOGRAPHY

• Optical technique used to detect volumetric changes in the 

blood in the peripheral circulation.

• Blood volume changes in microvascular tissue (i.e. at

cheeks and forehead level)
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SEPARATION of SKIN 

PIXELS from NO-SKIN 

PIXELS

Remote PPG: Video pre-processing

NEURAL 

NETWORK

30 FPS
30 images/second

Logitech 1080p FULL HD

GPU NVIDIA GTX 1080p

REAL TIME 
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Medical Applications

In contact with Medical Staff in the Hospital

Understand which are the needs of the real scenario

NEWBORN and 

PATIENTS WITH BURNS

• Fragile skin

• No abrasions and damage of epidermis

• Continuous and constant monitoring

ASSISTIVE ROBOTIC 

REHABILITATION

• adjust the exercise level (increase or

decrease) according to the patient’s

physiological response

• Exploit residual patient capabilities

(assistance-as-needed)

SMART HOSPITAL 

ROOM

• Hospital room for remote monitoring

• Avoid medical staff infections

• Hospitalization more comfortable for 

patients

• Group or single patient monitoring
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