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aƻŘŜǊƴ ƳŜŘƛŎŀƭ ǇƘȅǎƛŎǎΧΦΦōŜƎƛƴƴƛƴƎǎ

Wilhelm Röntgen

Radio waves Microwave Infrared ±ƛǎƛōƭŜUltraviolet X-Ray Gamma Ray

Energy, E
10 neV 10 ˃ Ŝ± 1 meV мл ƳŜ±1 eV 10 eV 100 eV 100 keV 1 MeV 1 GeV 1 TeV
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ééé..beginnings
Henri Becquerel

1896:

Discovery of natural

radioactivity

Marie Curie    Pierre Curie

(1867 ï 1934)  (1859 ï 1906)

Thesis of Mme. Curie ï 1904

Ŭ, ɓ, ɔ  in magnetic field

1898:  Discovery of 

radium

used immediately 

for Brachytherapy



Pierre Curie and Henri Becquerel

First radiobiology experiment
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tŀǊ wŀŘƛƻǊ ŎƻǎƳŜǘƛŎǎ τ ǎƛǘŜŀŘ bŜǿ ¸ƻǊƪ ¢ǊƛōǳƴŜ aŀƎŀȊƛƴŜΣ ǇŀƎŜ мнΣ 

5ƻƳŀƛƴŜ ǇǳōƭƛŎΣ 
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Par Cinémagazine, 14 février 1935 τ 
https://gallica.bnf.fr/ark:/12148/bpt6k2000628h, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=97956453

https://www.smh.com.au/national/nsw/from-the-archives-1956-ban-urged-of-x-ray-machines-at-shoe-shops-20210318-p57c1m.html

¦ǎŜ ƻŦ wŀŘƛƻŀŎǘƛǾƛǘȅ ŦƻǊ ŜǾŜǊȅǘƘƛƴƎΧΦ

Courtesy of Manuela  Cirilli



Detecting 

particles

Accelerating 

particle beams

Large-scale 

computing (Grid)

CERN and Physics Technologies

Higgs 



X-ray
source

Object Pattern
Recognition

System

Detector
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Detecting 

particles

Accelerating 

particle beams

Large-scale 

computing (Grid)

Physics Technologies helping  health

CANCER



/ŀƴŎŜǊ ƛǎ ŀ ƎǊƻǿƛƴƎ Ǝƭƻōŀƭ ŎƘŀƭƭŜƴƎŜ

Radiation therapy is a key tool for treatment for about 50-60% patients 

ÅGlobally  19.3 million new cases 
per year diagnosed  and 9.96 
million deaths in 2020

ÅThis  will increase to 27.5 million  
new cases per year and  16.3 
million deaths  by 2040

Å70% of these deaths  will occur in 
low-and-middle-income countries 
(LMICs)

Data source: GLOBOSCAN 2020
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What is Cancer?

ÅTumour: what is it?

ïAbnormal growth of cells

ïMalignant: uncontrolled, can 
spread Ą cancer

Surgery
Removal of 

cancer cells using 

surgery

wŀŘƛƻǘƘŜǊŀǇȅ 
5ŜǎǘǊǳŎǘƛƻƴ ƻŦ 
ŎŀƴŎŜǊ ŎŜƭƭǎ ǳǎƛƴƎ 

ǊŀŘƛŀǘƛƻƴ

Chemotherapy 
Destruction of cancer 
cells using drugs (anti-

cancer agents)
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Cancer Treatment and Improving Outcomes

Early Diagnosis Local Control CŜǿŜǊ {ƛŘŜπŜŦŦŜŎǘǎ

Ideally one needs to treat:
The tumour
The whole tumour
And nothing BUT the tumour

Treatment has two important goals to kill the tumour and 
protect the surrounding normal tissue. Therefore 
άǎŜŜƛƴƎέ in order to know where  and precise άŘŜƭƛǾŜǊȅέ 
to make  sure it goes  where it should are key.



5ŜǘŜŎǘƻǊǎ ŀƴŘ ŀǊǘ ƻŦ ǎŜŜƛƴƎΧΧΧ

Particle Detection Imaging

X-ray, CT, PET, MRI
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200 Mpix  3-D camera taking 40 million photos/second!

aŀƴƧƛǘ 5ƻǎŀƴƧƘΣ aŜŘƛŎŀƭ !ǇǇƭƛŎŀǘƛƻƴǎ нлнс



X-ray imaging

Wilhelm Röntgen

Radio waves Microwave Infrared Visible Ultraviolet ·πwŀȅ Gamma Ray

Energy, E
10 neV 10 ˃ Ŝ± 1 meV 10 meV 1 eV мл Ŝ±100 eV 100 keV 1 MeV 1 GeV 1 TeV

Source: ESA
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First time we could see beneath the skin without cutting open the patient 



CT ς Computed Tomography

3d  X-rays imaging



CT ς Computed Tomography

άо5-ƛƳŀƎƛƴƎέ



X-ray CT is a key driver of change in 
medical imaging 

нлллπнллу ά/¢ {ƭƛŎŜ ²ŀǊέ

-/¢ ōŜŎŀƳŜ ǾŜǊȅ Ŧŀǎǘ ǿƛǘƘ ǎƳŀƭƭ ǾƻȄŜƭ κ ǇƛȄŜƭǎ

¸нлллΥ  ŀŎǉǳƛǊŜ ŀ ǎƛƴƎƭŜ ǘǊŀƴǎǾŜǊǎŜ ǎƭƛŎŜ ǇŜǊ Ǌƻǘŀǘƛƻƴ

¸нлмнΥ  ŀŎǉǳƛǊŜ ǳǇ ǘƻ спπрлл ǎƭƛŎŜǎ  ǇŜǊ Ǌƻǘŀǘƛƻƴ



Revolution in Photography

From black and white photos To Modern High-Tech photography



Towards digital colour x-ray imaging



Medipix

Å High Energy Physics 
original development:
Å Particle track detectors

Å Allows counting of single 
photons in contrast to 
traditional charge integrating 
devices like film or CCD

Å  Main properties:
Å Fully digital device 

Å Very high space resolution 

Å Very fast photon counting 

Å Good conversion efficiency 
of low energy X-rays

Credits: Simon Procz, Universityof Freiburg



Xray source

Xray source
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Xray source .κ²

B/W

B/W

Medipix

Hounsfield Units

Patient
Grey scale
detector

Two grey
scale detectors

/ƻƭƻǊ
ŘŜǘŜŎǘƻǊǎ

Single- , dual-, and spectral CT
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Medipix

Color
detectors

Spectral CT is now possible

Medipix All Resolution System
   Energy resolution

   Spatial resolution

   Temporal resolution

First 3D colour x-ray human image, 2018



Positron Emission Tomography

Å 18FDG carries the 18F to areas of high metabolic activity

Å 90% of PET scans are in clinical oncology

1974 the first human positron emission tomography



PET ï How it works
http://www.nymus3d.nl/portfolio/animation/55



Concept of PET-CT 
David Townsend

PET CT



Multi -modality imaging

Primary lung cancer imaged with the Dual/Commercial 

scanner. A large lung tumor, which appears on CT as a 

uniformly attenuating hypodense mass, has a rim of FDG 

activity and a necrotic center revealed by PET.

Courtesy of David Townsend



Multimodality imaging: CT with PET
Combining anatomic and functional imaging

morphology      metabolism

David Townsend, UK Physicist
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20211900 1950 2000

Surgery

Radiotherapy

Chemotherapy

Molecular Targeted

Immunotherapy

How  do we  treat cancer?



Surgery Chemotherapy (+ others)

Treatment options

Radiotherapy

AIM:
Survival, Quality of life



/ŀƴŎŜǊ ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴǎ

Cancer

Surgery Chemotherapy Radiotherapy

X-ray Particle

Proton 

IŜŀǾȅ Lƻƴǎ
Physics
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The first electron linac   (1947)

Sigmur  Varian

Russell Varian

William W. Hansen

1947 

linac for electrons
1.5 MeV  at 3 GHz 



The first patient to receive radiation therapy from the 
medical linear accelerator at Stanford was a 2-year-old boy.
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First patient  treated by Henry 

Kaplan in Stanford 1956

The earliest linac-based radiation 

therapy, first used in London, 

England, in 1953.

http://news.stanford.edu/news/2007/april18/gifs/accel-H.jpg
https://en.wikipedia.org/wiki/Radiation_therapy
https://en.wikipedia.org/wiki/Radiation_therapy


ÅAbout 50% patients are treated with RT
ÅNo substitute for RT in the near future
ÅNo of patients  is  increasing

Radiotherapy in 21st Century

3 "Cs" of Radiation

/ǳǊŜ ό ŀōƻǳǘ рл҈ ŎŀƴŎŜǊ ŎŀǎŜǎ ŀǊŜ ŎǳǊŜŘύ

/ƻƴǎŜǊǾŀǘƛǾŜ όƴƻƴπƛƴǾŀǎƛǾŜΣ ŦŜǿŜǊ ǎƛŘŜ ŜŦŦŜŎǘǎύ

/ƘŜŀǇ όŀōƻǳǘ мл҈ ƻŦ ǘƻǘŀƭ Ŏƻǎǘ ƻŦ ŎŀƴŎŜǊ ƻƴ ǊŀŘƛŀǘƛƻƴύ
(J.P.Gérard)



DNA damage is 
induced via 
- Single and 

double- DNA 
strand breaks

- DNA cross-
linking

Radiotherapy of 
DEEP-SEATED TUMOURS

Aims of Radiotherapy:  

ÅIrradiate tumour with sufficient 
dose to stop cancer growth

ÅAvoid complications and 
minimise damage to surrounding 
tissue

Current radiotherapy methods:
Å5-25 MV photons
Å5 - 25 MeV electrons
Å50 - 400 MeV/u hadrons 

Heidelberg Ion Therapy 
Centre

Varian True Beam e- linac 

aŀƴƧƛǘ 5ƻǎŀƴƧƘΣ aŜŘƛŎŀƭ !ǇǇƭƛŎŀǘƛƻƴǎ нлнс



Classical Radiotherapy with X-rays

80 3050

single beam
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Radiotherapy with X-rays

110 110100

two beams
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Improved Delivery 

1990s: 4 constant intensity fields
Current state of RT: Intensity Modulated 
Radiotherapy (IMRT) ς Multiple converging
field with planar (2D) intensity variations

aŀƴƧƛǘ 5ƻǎŀƴƧƘΣ aŜŘƛŎŀƭ !ǇǇƭƛŎŀǘƛƻƴǎ нлнс



Intensity Modulated Radiation Therapy
9 NON-UNIFORM FIELDS

PSI
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Modern X-ray Therapy

Current accelerator system with gantry, patient positioner and X-ray panels to acquire CBCT and 
planar X-rays. 
Intensity modulation is achieved by changing the multi-leaf collimator (MLC) patterns (right), 
gantry rotation and dose rate. Thus, intensity modulation is achieved through mechanical (slow) 
means.
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The most widely available accelerator

aƻǊŜ ǘƘŀƴ мрΣллл ƛƴ ǳǎŜ

Electron Linac (linear accelerator) for radiation therapy treatment of cancer)

Widely available in all major hospitals in  specially in high income countries (HIC)

MLC

Accelerator

Manjit Dosanjh, Medical Applications 2026



Concept of MRI guided accelerator

Accelerator

MLC

beam

Seeing what you treat at the 
moment of treatment

Bringing certainty in the 
actual treatment 

Bas Raaymakers, Utrecht, UMC, ENLIGHTManjit Dosanjh, Medical Applications 2026



Advances  in  Radiation Therapy
Lƴ  ǘƘŜ Ǉŀǎǘ ǘǿƻ ŘŜŎŀŘŜǎ ŘǳŜ ǘƻΥ

ÅƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ƛƳŀƎƛƴƎ ƳƻŘŀƭƛǘƛŜǎΣ ƳǳƭǘƛƳƻŘŀƭƛǘȅ

Å ǘŜŎƘƴƻƭƻƎȅΣ ǇƻǿŜǊŦǳƭ ŎƻƳǇǳǘŜǊǎ ŀƴŘ ǎƻŦǘǿŀǊŜ ŀƴŘ 
ŘŜƭƛǾŜǊȅ ǎȅǎǘŜƳǎ ƘŀǾŜ ŜƴŀōƭŜŘΥ

- LƴǘŜƴǎƛǘȅ aƻŘǳƭŀǘŜŘ wŀŘƛƻǘƘŜǊŀǇȅ όLaw¢ύΣ

- LƳŀƎŜ DǳƛŘŜŘ wŀŘƛƻǘƘŜǊŀǇȅ όLDw¢ύΣ 

-±ƻƭǳƳŜǘǊƛŎ !ǊŎ ¢ƘŜǊŀǇȅ ό±a!¢ύ ŀƴŘ 

-{ǘŜǊŜƻǘŀŎǘƛŎ .ƻŘȅ wŀŘƛƻǘƘŜǊŀǇȅ ό{.w¢ύ

-awLπƎǳƛŘŜŘ [ƛƴŀŎ ǘƘŜǊŀǇȅ

ÅLǎ IŀŘǊƻƴκtŀǊǘƛŎƭŜ ¢ƘŜǊŀǇȅ ǘƘŜ 
ŦǳǘǳǊŜΚ

ÅC[!{IΚΚ
Manjit Dosanjh, Medical Applications 2026



Hadron Therapy
In 1946 Robert Wilson:

ς Protons can be used clinically

ς Accelerators are available

ςMaximum radiation dose can be placed into the 
tumour

ς Particle therapy provides sparing of normal tissues

Depth in the body (mm)

Conventional: X -Rays          Ion Radiation

Robert Wilson
Fermi Lab
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First Successful Cyclotron (Nobel Prize1932)
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LƳǇƻǊǘŀƴŎŜ ƻŦ ŎƻƭƭŀōƻǊŀǘƛƻƴΧΧΧΦΦ

E. Lawrence
First cyclotron

Lawrence brothers
Physicist and  Doctor

Sept 1954 ς Berkeley 
Treats first patient 
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¢ƘǊŜŜ  ŎǊǳŎƛŀƭ ȅŜŀǊǎ  ŦƻǊ t¢ΧΧΧǘƻ ŎƭƛƴƛŎǎ

мффоπ [ƻƳŀ [ƛƴŘŀ
¦{! όǇǊƻǘƻƴύ

1994 ς HIMAC/NIRS
Japan (carbon)

1997 ς GSI
Germany (carbon)

First dedicated clinical
 facility

Manjit Dosanjh, Medical Applications 2026



The Darmstadt GSI pilot project  (1997-2008)

450

G.  Kraft

J. Debus
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Real-time monitoring

ÅIn-beam PET @ GSI 
(Germany)

ÅMonteCarlo simulations

ÅOrgan motion

MC simulated measured

Manjit Dosanjh, Medical Applications 2026



TumourControlRate: Chordomas

Schulz-Ertner, IJROBP 2007

Conventional RT

Protons

C-Ions
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HIT - Heidelberg

Ion 
source

LINAC

Synchrotron

Treatment rooms 
Siemens Medical

Beam transport line

Quality 
control

Gantry

Carbon facilities in Europe: first was HIT

 in  Heidelberg ς started treating patients in 2009
Manjit Dosanjh, Medical Applications 2026



PIMMS at CERN (1996-2000)

and protons

linacs for

carbon ions

p
p

C C
p

RF cavity Resonance 

sextupole

Betatron

core

Injection 

septum

Electrostatic 

septum

Extraction 

septum

Sextupole horiz. 

chromaticity

Sextupole vert.

chromaticity

Sextupole vert. 

chromaticity

Sextupole horiz. 

chromaticity

Circumference         C= 76.84 m

Tune horizontal       Qx = 1.67

Tune vertical            Qz = 1.72

400 MeV/u  synchrotron

Í CERN-TERA-MedAustron

Ugo Amaldi
TERA
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PIMMS study at CERN (1996-2000)

PIMMS 

мффсπнллл

tLaa{ ǎǘǳŘȅ

MedAustron, Austria 2019

Treatment , CNAO, Italy 
2011
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From PIMMS study to clinical reality

First patient with carbon ions Nov 2012 Treatment started  in 2016



Research centres

Hospitals

[Data from www.ptcog.ch ]



Particle Therapy facilities in clinical operation in 2024 

The first patient with protons was in 1954, and currently, there are around 110 proton and 14 carbon facilities. 
Just over 400,000 patients have been treated so far, of which around 60,000 with carbon.

Proton facilities 
(in red) and 
carbon therapy 
facilities (in blue) 
PTCOG, 2024
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Even though the RT is one of the most useful tool for around 50% 

cancer cure or pain-relief:

Å  Inadequate supply of RT specially-linear accelerators (Linacs)

Å Inadequate supply of imaging 

Å Inadequate supply of experts

ÅGap greatest in low-middle income countries (LMICs)

ÅOnly 10%  patients  in Low Income Countries have  access to RT 

The Problem: 
Much of the world has limited or no access to Radiation Therapy

aŀƴƧƛǘ 5ƻǎŀƴƧƘΣ aŜŘƛŎŀƭ !ǇǇƭƛŎŀǘƛƻƴǎ нлнс


