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The future of hadrontherapyThe future of hadrontherapy

Two main driving forces:Two main driving forces:Two main driving forces:Two main driving forces:

•• Improve the local control reducing secondary effectsImprove the local control reducing secondary effects

•• Reduce costs, size and complexityReduce costs, size and complexity
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What happens if an organ moves during irradiation?What happens if an organ moves during irradiation?What happens if an organ moves during irradiation?What happens if an organ moves during irradiation?
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Organ motion (present): respiratory gatingOrgan motion (present): respiratory gating
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•• The beam reaches the patient only when the The beam reaches the patient only when the 
“gate” is ON“gate” is ON

•• Synchrotrons: synchronization of the respirationSynchrotrons: synchronization of the respirationSynchrotrons: synchronization of the respiration Synchrotrons: synchronization of the respiration 
of the patient with the cycle of the acceleratorof the patient with the cycle of the accelerator

•• Technique already in use in Japan (Tsukuba)Technique already in use in Japan (Tsukuba)
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Moving organs (future): organ trackingMoving organs (future): organ tracking
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MultiMulti--painting painting 

• In radiation therapy, a ±2.5% uniform dose has to be delivered to the tumor target py, g

• If the dose is given in n successive "paintings" of the tumour volume, possible 
fluctuations due to a missed or over dosed voxel are reduced as n1/2

A fast cycling accelerator helps to keep the treatment time low!
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• A fast cycling accelerator helps to keep the treatment time low!

• The figure refers to the case of a cyclinac 



Innovative gantriesInnovative gantriesInnovative gantriesInnovative gantries
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The Gantry 2 at PSIThe Gantry 2 at PSI
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Gantries for carbon ions?Gantries for carbon ions?

The gantry installedinstalled at HIT isThe gantry installedinstalled at HIT isThe gantry installedinstalled at HIT is

the only one ever built!

The gantry installedinstalled at HIT is

the only one ever built!

Solutions for the future?
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The role of imagingThe role of imagingThe role of imagingThe role of imaging
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PET can help for planning in radiation therapyPET can help for planning in radiation therapy

R. Nutt et al., CLINICAL PHARMACOLOGY & R. Nutt et al., CLINICAL PHARMACOLOGY & 
THERAPEUTICS,THERAPEUTICS,

81 6 92 20081 6 92 200
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A research topic: proton radiographyA research topic: proton radiography

CT gives information on the density of electrons (Hounsfield numbers)CT gives information on the density of electrons (Hounsfield numbers)

CT is commonly used in diagnosticsCT is commonly used in diagnostics

CT is commonly used in conventional radiation therapy to calculate the CT is commonly used in conventional radiation therapy to calculate the 
treatment planningtreatment planning
–– X and MeV gamma rays interact with the electronsX and MeV gamma rays interact with the electrons

CT is used also in proton and ion therapy to calculate the treatmentCT is used also in proton and ion therapy to calculate the treatmentCT is used also in proton and ion therapy to calculate the treatment CT is used also in proton and ion therapy to calculate the treatment 
planning but…planning but…
–– Protons and ions interact with matter through dE/dx Protons and ions interact with matter through dE/dx --> density > density ρ, ρ, ZZ
–– Compton effect is proportional to Z but not the photoelectric effect !Compton effect is proportional to Z but not the photoelectric effect !
–– Corrections are appliedCorrections are applied
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Proton radiography and proton CTProton radiography and proton CT

Radiography with XRadiography with X raysraysRadiography with XRadiography with X--raysrays

•• “Counts” the number of photons “Counts” the number of photons 

(attenuation coefficient)(attenuation coefficient)(attenuation coefficient)(attenuation coefficient)

Proton radiographyProton radiography

•• Protons with enough energy to Protons with enough energy to 
penetrate the body penetrate the body 

•• Residual range mesurementResidual range mesurement
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Proton radiographyProton radiography

Scintillating 
fibers

AdvantagesAdvantages E. Pedroni et al., PSIAdvantagesAdvantages

•• No need for corrections like for XNo need for corrections like for X--ray CTray CT

•• Less dose to the patient (every proton brings information!)Less dose to the patient (every proton brings information!)

,

Less dose to the patient (every proton brings information!)Less dose to the patient (every proton brings information!)

DisadvantagesDisadvantages

•• Need of large accelerators usually used also for therapy (timing problem)Need of large accelerators usually used also for therapy (timing problem)
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Need of large accelerators usually used also for therapy (timing problem)Need of large accelerators usually used also for therapy (timing problem)

•• For now it is a research issue (PSI)For now it is a research issue (PSI)



Proton radiography with nuclear emulsionsProton radiography with nuclear emulsions

Automatic scanning at LHEP in BernAutomatic scanning at LHEP in Bern

Irradiation Irradiation 
at PSIat PSI m
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Single room facilitiesSingle room facilitiesSingle room facilitiesSingle room facilities
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How many treatment rooms are needed?How many treatment rooms are needed?
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Single room facilities for proton therapy?Single room facilities for proton therapy?

• 250 MeV, 15 tons synchrocyclotron 
mounted on its gantry

• 10 T superconducting magnet !

• 250 MeV, 15 tons synchrocyclotron 
mounted on its gantry

• 10 T superconducting magnet !• 10 T superconducting magnet !

• First full system almost constructed

• Final acceleration test still to be

• 10 T superconducting magnet !

• First full system almost constructed

• Final acceleration test still to beFinal acceleration test still to be 
performed

• FDA clearance pending 

Final acceleration test still to be 
performed

• FDA clearance pending 
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Innovative acceleratorsInnovative acceleratorsInnovative acceleratorsInnovative accelerators
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Cyclotrons and synchrotrons (Present)Cyclotrons and synchrotrons (Present)

• Proton therapy: 4-5 m diameter cyclotrons and 6-8 m diameter synchrotrons• Proton therapy: 4-5 m diameter cyclotrons and 6-8 m diameter synchrotrons
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• Carbon ions: 20-25 meter diameter synchrotrons• Carbon ions: 20-25 meter diameter synchrotrons



Linacs for hadronterapy?Linacs for hadronterapy?

IDRA
Institute for Diagnostics and RAdiotherapyInstitute for Diagnostics and RAdiotherapy

30 MeV cyclotron

Gantries and fixed beam lines

for treatment and research

Linear accelerator

for treatment and research

LIBO
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FFAGs?FFAGs?

Fixed Field Accelerating Gradient Accelerator (FFAG)Fixed Field Accelerating Gradient Accelerator (FFAG)
–– Fixed magnetic fieldFixed magnetic field

L t b i t ll diff t bL t b i t ll diff t b–– Large aperture beam pipe to allow different energy beamsLarge aperture beam pipe to allow different energy beams
–– Composed by many magnets organized in tripletsComposed by many magnets organized in triplets
–– Potential advantages for hadronterapy: variable energy, fast cyclingPotential advantages for hadronterapy: variable energy, fast cycling
–– The extraction and the transport of the beam to the patient is challengingThe extraction and the transport of the beam to the patient is challenging
–– Possibility of high currents Possibility of high currents 
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FFAG for protonsFFAG for protons
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FFAG for carbon ions?FFAG for carbon ions?

3 FFAG rings in succession:3 FFAG rings in succession:
–– First: from 40 keV/u (from First: from 40 keV/u (from 

ECR ion source) to 6 MeV/uECR ion source) to 6 MeV/u))
–– Second  6Second  6––100 MeV/u100 MeV/u
–– Third 100Third 100--400 Mev/u400 Mev/u

Very complex project proposed Very complex project proposed 
for Chibafor Chiba

A synchrotron was chosen A synchrotron was chosen 
instead.instead.

D T b j i RAST2 2009
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New technologies for accelerating particles?New technologies for accelerating particles?
• Dielectric Wall Accelarator (DWA)

• Very intense pulsed electric fields 
made possible by the use of

• Dielectric Wall Accelarator (DWA)

• Very intense pulsed electric fields 
made possible by the use ofmade possible by the use of 
special innovative dielectric 
materials (Blumlein)

• Very high accelerating gradients

made possible by the use of 
special innovative dielectric 
materials (Blumlein)

• Very high accelerating gradients• Very high accelerating gradients 
100 MV/m can be obtained
• Very high accelerating gradients 
100 MV/m can be obtained

About 2 m long acceleratorAbout 2 m long accelerator• About 2 m long accelerator 
mounted on a gantry

• Single room solution for proton 

• About 2 m long accelerator 
mounted on a gantry

• Single room solution for proton 
therapy

• Project initiated by LLNL (USA)

therapy

• Project initiated by LLNL (USA)

• Partnership agreement with 
TomoTherapy Inc.

• Prototype under development

• Partnership agreement with 
TomoTherapy Inc.

• Prototype under development
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Prototype under developmentPrototype under development



The long term future: laser The long term future: laser –– plasma accelerators?plasma accelerators?

•• ~ 10~ 101313 protons measuredprotons measured

Max proton energy: 58 MeVMax proton energy: 58 MeV•• Max. proton energy: 58 MeV   Max. proton energy: 58 MeV   
at LLNL (USA)at LLNL (USA)

The mechanismThe mechanism

•• Laser: 50 fs 50 J (Petawatt!)Laser: 50 fs 50 J (Petawatt!)Laser: 50 fs, 50 J (Petawatt!)Laser: 50 fs, 50 J (Petawatt!)
•• I = 10I = 102121 W/cmW/cm22

•• >10>101111 protons up to 300 MeVprotons up to 300 MeV

SIMULATIONSIMULATION

•• Continuous energy, the dose Continuous energy, the dose 
distribution system is difficult!distribution system is difficult!
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The challenge of medical sciencesThe challenge of medical sciences

Three fundamental questions to detect and cure the disease:Three fundamental questions to detect and cure the disease:

When ?When ?

Where ?Where ?

How ?How ?

AAss SSoonoon AAss PPossibleossible

AAs s PPrecisely recisely AAs s PPossibleossible

AA EEff ti lff ti l AA PP iblibl

When ?When ? How ?How ?

One answer :

AAs s SSoon oon AAs s PPossibleossible AAs s EEffectively ffectively AAs s PPossibleossible

Multidisciplinary approach
Some examples :Some examples :

• Non-invasive screening (molecular markers, imaging, …)

• High precision diagnostics (MRI, TC, PET, SPECT, …)
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• High precision non-invasive therapy (hadrontherapy, …)



Conclusions and OutlookConclusions and Outlook

Since the beginning of particle physics, more than oneSince the beginning of particle physics, more than one--hundred hundred g g p p y ,g g p p y ,
years go…years go…

P ti l h i ff di i d bi lP ti l h i ff di i d bi lParticle physics offers medicine and biology Particle physics offers medicine and biology 
very powerful tools and techniques to study, very powerful tools and techniques to study, 

detect and attack the diseasedetect and attack the diseasedetect and attack the diseasedetect and attack the disease

To fully exploit this large potentiality all theseTo fully exploit this large potentiality all theseTo fully exploit this large potentiality, all these To fully exploit this large potentiality, all these 
sciences must work together!sciences must work together!
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Ph i i b tif l d f l!Ph i i b tif l d f l!Physics is beautiful and useful!Physics is beautiful and useful!

(Ugo Amaldi)(Ugo Amaldi)
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End of part VIIIEnd of part VIII
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