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Recent Developmentsin Proton Accelerators

Purpose:

ProtonBeamRadiationTherapyhasbeenclinically investigated for over40 years.
Despiteobviousphysicaldosedepositionadvantagesandcompellingclinical results, the
considerablefinancialcostof existing acceleratordesignshashindered widespreaduseof
this evidently superiortreatmentmodality.Within thelastfew yearshowever,materials
havebeendevelopedthatenablehigh concentrationsof electromagneticenergyto be
harnessed. Thesematerials haveopened thewayfor reducingthesizeandcostof
acceleratorsfor ProtonBeam Radiation Therapy.

Method and Materials:

Two suchmaterials, high current densitysuperconductingwiresandhigh field gradient
dielectricelements, haveled to therespective developmentsof compactsuperconducting
cyclotronsanddielectricwall accelerators.Existinganalytical toolsfor simulating the
performanceof circularaccelerators andlinearacceleratorshavebeenappliedto guide
thedevelopmentof thesedesigns in thenewenergy densityregimes.Thesetoolsare
essentialfor predictingtheperformanceof acceleratedprotonbeamdynamicsin compact
deviceswith high electromagneticfield gradients.

Results:

Eachof theseacceleratorshavebeenincorporatedinto singleroomprotontherapy
treatmentsystemdesignswith a sizeandcostthatare,or areprojectedto be,significantly
belowthatof existingalternatives. Prototypesof thesesystemsarenow under
construction andelemental prototypeevaluation.Superconductingcurrentdensity
performancespecificationshavebeen metor exceededin thedevelopmentof thecompact
superconductingcyclotron. A working cyclotronhas beenprototypedand shownto
accelerateanintenseprotonbeam of morethan100nA over thefirst stages of the
cyclotron acceleration cycle.Likewisecritical elementsof thedielectric wall accelerator
havemet specificationsfor thefinal accelerator configuration,showingstandofffields in
excess of 100MeV / m.

Conclusion

At leastoneof thesenew systems is expectedto becompleted andbeing usedfor patient
treatmentbeforetheendof 2008.With thesignificantreductionin complexity and cost
thesuccessfuldemonstration of thesesystemswill likely lead to a morewidespread
adoption of ProtonBeam RadiationTherapy.
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