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From fundamental research

to medical applications

Accelerators for health



In 1946, Robert Wilson proposed to use 

protons to treat cancer.

First treatment of pituitary tumours took 

place at Berkeley in 1956.

First hospital-based proton treatment 

center at Loma Linda (US) in 1990. 

In 1936, the new Berkeley 37-inch 

cyclotron was producing isotopes for 

physics. In 1938 starts direct irradiation 

of patients with neutrons from the new 

60-inch cyclotron (Lawrence brothers).  

Berkeley cyclotron Nobel Prize 1939
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First carbon facility in Europe: 
HIT in Heidelberg
started treating patients in 2009.
Followed by MIT in Marburg

The HIT gantry: 

600 tons

HIT carbon-ion facility for cancer therapy



Ions for 

cancer therapy

BIOMAT and BIOPHYSICS, GSI 

IONS2017
https://indico.cern.ch/e/ions2017

Ideas and technologies for a next-generation facility

for medical research and therapy with ions
Yiota Foka Archamps, 19 June 2018 6

ENLIGHT, CERN



Public Event, scenario and material

IONS2017 https://indico.cern.ch/e/ions2017



Ions for 

cancer therapy

BIOMAT and BIOPHYSICS 

Birth of IONS2017

Ideas and technologies for a next-generation facility

for medical research and therapy with ions
Yiota Foka Archamps, 19 June 2018 6

Proposal 

submitted 

12 nov 2019



From particle tracking 

to Medipix

• High Energy Physics original 
development:
– Particle tracking detectors
– Allows counting of single photons in 

contrast to traditional charge integrating 
devices like film or CCD

• Main properties:
– Fully digital device 

– Very high space resolution 

– Very fast photon counting 

– Good conversion efficiency of low energy 
X-rays

Credits: Simon Procz, University of 

Freiburg

Seminar:
https://indico.cern.ch/event/820083/attachme

nts/1861456/3061478/KTSeminarMC.pdf

https://indico.cern.ch/event/820083/attachments/1861456/3061478/KTSeminarMC.pdf


From particle tracking to Medipix
Spectroscopic information permits material separation 



The world is watching !!

CT image of Phil Butler’s wrist, Uni. Of Canterbury

Taking it to humans

Image viewed over 40 M times on Twitter

Highest number of hits on CERN website since the Higgs announcement 



Rontgen 1895,               to CERN technology 2018

Spectral CT : true colour x-ray 

imaging
Computed Tomography is 3D X-rays



Steven Gieseg, Uni. Canterbury

Cardiovascular disease causes 37% of EU deaths 

Molecular imaging



Bringing it to the schools !! 

Need for specialized personnel !! 



Aim: benefits for society from fundamental research

https://indico.cern.ch/event/840212/

Aim: enhance awareness on HT cancer therapy possibilities

Direct applications for health of instrumentation and methods 

developed for fundamental research: accelerators, detectors, software....

Particle Therapy MasterClass

From Bethe Bloch ionization for PID  to Bragg peak for cancer therapy

https://indico.cern.ch/event/840212/


https://indico.cern.ch/event/840212/

Particle Therapy MasterClass

https://indico.cern.ch/event/840212/


https://indico.cern.ch/event/840212/

Particle Therapy MasterClass

https://indico.cern.ch/event/840212/




Hadron (proton, ion) Radiation Therapy, HT, is a precise and effective 

way to destroy cancer cells sparing healthy tissues.

preferred for children, pregnant women, deep-seated, radio-resistant 

tumours 

Direct application of different particle properties and ionization loss in matter

Physics for Health



with photons, 

protons, ions

Head and Liver Data 

Based on professional open source research and training toolkit 

for calculation of dose delivery (treatment planning) : matRad

developed by Heidelberg DKFZ

New Particle Therapy MasterClass

matRad: www.matrad.org

http://www.matrad.org/


PTMC publicity, articles

Articles in web page: ARIES, ENLIGHT, GSI…
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PTMC Conferences, Open Days

ENLIGHT, Caen, 2019 Open Days: CERN and Montenegro 2019

Invitation to CONF14, Norway, 27 July 2019





Workshop Outline

Outline of Workshop Agenda Proposal
https://indico.cern.ch/event/839930/page/17879-agenda

Wed 1 April  14:00 Industry Worskhop

Thu. 2 April    9:00 Industry Worskhop

Fri    3 April    9:00 Academia

Fri    3 April  18:00 Public Event 

Mon 30 March  Particle Therapy MasterClass in Sarajevo UNSA

Tue  31 March  Particle Therapy MasterClass in Tuzla, oncology

Educational Outreach 

Aim of the workshop
- Industry
- Inform the public
- Students, motivate, next generation of scientists for the facility

https://indico.cern.ch/event/839930/page/17879-agenda
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