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What is a Beam Delivery?
ÅStart with an accelerator beam.

ÅConvert the raw accelerator beam to a clinical treatment beam.

ïWhat are the parameters needed for a clinical beam?

ÅSpread out the beam (5d) on the target according to prescription (Conformal)

ÅDeliver the prescribed dose in each of the 5 dimensions

ïWhat are the associated accelerator beam parameters?

ÅSee Below, but not Usually discussed: Beam timing, Emittance

ïDirect the treatment beam to the Target in desired orientation(part of 5d)

ÅMonitor the parameters of the treatment beam.

Accelerator Beam Treatment Beam

o Beam Energy

o Beam Size
o Beam Shape
o Beam Current
o Beam Timing

o Beam Range
o Dose Distribution
o Dose Distribution
o Dose Rate
o Many effects

These are 

connected!
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The Ideal Depth Dose Distribution
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Beam for Beam you can always do a better job with Particles 

(except at the Surface).  



What is Scattering?Proton Beam Parameters
Dose and Dose Distribution
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Errors for the most part 

average out, or are easily 

detectable.

SOBP Uniformity

ÅTranverse

ïScatterers

ïSingle Scattering

ïDouble Scattering

ÅLongitudinal

ïRange Modulator

ïRidge Filter
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Range Modulator or Ridge Filter



General Description of Scanning
General Description of Scanning:Pictorially, figure 1 describes the scanning process.

A beam at position A, at coordinate XA, is characterized by its current IAand itôs beam size sA.  The beam 

deposits a dose DA at location A.  After that dose is deposited at location A, taking a time tA, the beam is 

moved to location B.  The time it takes to move from location A to location B is tAB.  The beam current 

during that movement is IAB.    The velocity that the beam moves from position A to B is vAB = (xB-xA)/tAB, 

and the current change between A and B is dI/dt = (I B-IA)/tAB.  In this way we have defined all the terms 

that are necessary in the delivery of beam scanning.
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Å 1978-9: Spot Scanning at NIRS - 30 Patients

ï Range Modulator (Fast) + Lateral 2d Spot

Å 1992 ish: B&W Scanning at BNL

Å mid 1990ôs: Spot Scanning at PSI

Å mid 1990ôs: Scanning at GSI

Å 2008: Scanning at MDA (with Hitachi)

Å 2008: Scanning at MGH (with IBA)



ScanningProton Beam Parameters

Dose and Dose Distribution
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ÅGeneralized Scanning

ÅUniform Scanning

ÅWobbling

Errors are less óintuitiveô and 

may not average out.  (Harder 

to measure?) Need a basis for 

estimating the effects of 

errors and tolerances !
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Scanning Beam Parameters:

What is the Spec?Beam Sigmaor  Beam Edge
Å When is a smaller beam sizeneeded ???

ï when absolutely necessary to pass BETWEEN two 
critical structures on Surface.  (What is the percentage 
of these cases?)  Then one needs smaller sigma.

Å Use Is a Sharp edgeneeded??

ï To minimize penumbra on Surface. For cases of 
penetration less than 5cm (MCS).

Å How to achieve sharp edge?

ï Small sigma

ïUse the Distal Edge ???

ï Modified MLC

ï ANOTHER WAY

Tolerance:10% variation in  sigma --> 2% VARIATION IN DOSE !
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Beam Sigma or Penumbra ?
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Sigma Things:

FWHM/Sigma = 2.35

80-20/Sigma = 1.13

Not 1.6

95-50/Sigma = 0.85
Therefore, if we have a 

5mm spacing, we need a 

sigma of 6mm 

(FWHM=12mm)
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Assume: Dose to Target within +/-

2.5% and Organ at Risk < 50%
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Trofimov



Penumbra Optimization
ÅCube of 12(50%)x12(50%) x10 cm

ÅPlanned with ASTROID

ïPenumbra Optimization (ala 

PSI/Berkeley)

ï This results in a balance between penumbra 

and overall uniformity.  (There will be ears.)

ï TPS provides the map which must be 

compared with the measurement
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Therefore ñFluence Modulationò is 

required for optimized Uniform Dose !

Pedroni et. al.


