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What is a Beam Delivery System?
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

ÅNot Usually discussed: Beam timing, Emittance

ÅMonitor the parameters of the treatment beam.

ÅDirect the treatment beam to the Target in desired orientation

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 Organ motion/Radiobiology

These are 

connected!
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Longitudinal Beam Spreading:                           

Spread Out Bragg Peak (SOBP)
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A non-moving method to create an 

SOBP for a specific Modulation Width

This is ñPassiveò

Ridge Filter

What if the target has a finite Longitudinal Extent?
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Beam is 

scattered so 

there is no 

position 

dependence
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Range Modulator Wheels

Courtesy of

B.Gottshalk, Ph.D.

Range Manipulation

Range Compensator

Distal Edge Shaping

Courtesy of

B.Gottshalk, H. Kooy

Collimator

Flanz 2009 - Erice



Flanz 2009;  Riyadh 5
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Beam range: 17.19 cm
Modulation:     6.78 cm
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Beam range: 13.47 cm
Modulation:     8.65 cm

Beam range: 12.0 cm
Modulation:    4.0 cm

Depth [mm]

Current Modulation- DYNAMIC                                                      

A Requirementof some Proton Therapy Accelerators 

Paganetti
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TransverseSpreading Options

ÅPassive Scattering

ïSingle Scattering

ïDouble Scattering

ÅWobbling (Beam Scanning with Scattered beam)

ÅPure Magnetic Scanning

ÅCombined Magnetic and Mechanical Scanning

ïMoving Magnet

ïMoving Patient

ÅEtc.
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Simple form of Double Scattering
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Combined First Scattererand Range Modulator

Usual reference to double scattering
Real birth of double scattering (Brahme)



What is Scattering?Proton Beam Properties

Dose and Dose Distribution

Transverse 

Dose 

Distribution

Depth Dose 

Distribution

Uniformity

Penumbra

Distal Fall-off

Range

Dose, (Dose 

Rate)

Width

Width

SAD

Current 

Modulation

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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Decades of Scanning - A New Generation

Scanning at Berkeley

Scanning at PSI

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)
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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.

A

B

IA

IB

XB

XA

ñSpotò

Time Driven

Dose Driven

Beam off/on

between spots

ñRaster/Line/Segmentò?

Digital World
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Time Structure in Pencil Beam Scanning

ñDose DrivenòScanning

Current

Dose

Position

Current

Dose

Position

Continuous

Pulsed

Continuous

Pulsed

Continuous Stable/Unstable.   Pulsed Short or Long

ñTime Drivenò Scanning

PSI
PSI
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More on Time; Not enough Time?
ÅWhat if the beam is continuous?

ïNo change from previous slide

ÅWhat if the beam is pulsed?

ïExample: 6cm x 6cm x 6cm = 0.21 liters

ïExample: 8cm x 8cm x 8cm = 0.5 liters

ïBeam Size 3.3mm

ïBragg peak width 3.3mm

ïAssume Dose Driven Spot Scanning

ï#Spots = 6000, 14250

ï@ 30 ppsĄ 200 seconds = 3.3 minutes (Once)

ï@ 30 ppsĄ 500 seconds = 8 minutes (Once)
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RadioBiology Time Effects? (sec, nsec, psec)
e.g. Scanning with E then x, or x then E,   Short pulses vs. Rf structure



Methods of Dose Driven Scanning: DSS and DET

Not for Distribution    Flanz 2009

DET Spot Locations (~20)

- For DET multiple 

directions or arc 

therapy and 

intensity 

modulation 

required to obtain 

uniform dose 

distributions.

Distal Edge of Target

Mackey

SS Spot Locations (~300)
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ScanningProton Beam Properties

Dose and Dose Distribution

Transverse 

Dose 

Distribution

Depth Dose 

Distribution

Penumbra

Distal Fall-off

Range

Dose, (Dose Rate), 

Weight, Gradient

Size

Shape

Conformity/

Gradient

SAD
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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Evolution of Conformation

Tumor

Treated

Volume

Organ

Target Volume

Collimator

"Classical" Conformation

Treated

Volume

Tumor

Organ

Target

Volume

Intensity Modulation

Photon 

Conformal: 

Multiple 

fields up to 

dynamic arc

vs.

Charged 

Particle:

Single or few 

fields?

Scanning

SOBP (Scattering)
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What are the some features of

Proton Beam Scanning?

Å Allow a non-uniform Dose Delivery

Å Reduce # fields for a uniform Dose Delivery (Clinical effects?).

Å Reduceunwanted Dose (e.g. Proximal Primary Dose)

Å Reducethe need for Patient Specific Equipment

ï Apertures

ï Compensators

Å Reduceradiation from primary beam intercepting machine components (n)

Therefore ñFluence Modulationò is 

required for optimized Uniform Dose !
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Example 

without a 

Compensator



Reference 3D (almost) CubePlan
ÅCube of 12(50%)x12(50%) x10 cm 

(14 layers), 2.7 Gy

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

Therefore ñFluence Modulationò is 

required for optimized Uniform Dose !
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Pedroni et. al.


