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BG Web Directory

My Webdirectory,maintainedbycourtesyof thePhysicsDepartment,isat

http://users.physics.harvard.edu/~gottschalk/

It currentlyhasthreeZIP files,allof whichwill changefrom timeto time.

BGware is a collectionof softwareincludingsourcecode,Windowsexecutables,

iconsand auxiliaryfiles neededto run the programs. You arewelcometo use,

borrow from, or adapt these programsbut pleasenote the Disclaimerof

Warranty(nextslide).

Thechief aimof thiscourseis to explainthethinkingbehindtheseprograms.

BGdocs is a collectionof PDF files includingREADME (a sort of sitemap),

userguidesfor someof theprograms,andPBS,a2004draftof abookon Passive

BeamSpreading. I planto keepthisdraft intactfor the timebeingwhileaddinga

revised,expandedversioncalledTechniquesof ProtonRadiotherapy(TPR).

BGtalks isacollectionof PowerPointfiles(thiscourse),alsounderdevelopment.

http://users.physics.harvard.edu/
http://huhepl.harvard.edu/~gottschalk/


PDF Files in BGdocs.ZIP, November 30, 2007

1. FitDD : UserGuideto FitDD, a programthat fits SOBPor transversescandata(in

textformat)usingthebrokensplinemethod.

2. FitScan : UserGuideto FitScan,a programthat fits SOBPdata (in text format)

with 3 polynomials. Obsolete.

3. NEU : UserGuide to NEU, a programthat designssingleanddoublescattering

systems(upstreammodulator and contouredsecondscatterer)to meet clinical

specifications(radius,depthandmodulation).

4. PBS: 2004draftof abook,ôPassiveBeamSpreadingin ProtonRadiationTherapyõ. I

hopeeventuallyto replacethisbyalargerwork,ôTechniquesof ProtonRadiotherapyõ

(theselectures).

5. PrestonAndKoehler1968: an unpublishedmanuscript. The first theoreticaland

experimentaltreatmentof protonpencilbeams.

6. ReadMe: aguideto theWebsite.

7. RVcal : calibrationof the IBA rangeverifier(asinstalled,for instance,at the Burr

Center). Discusseshowto analyzeRV dataandhowwellRV performs.

8. SOBP : on the characterizationof SOBPõsand the definition of ôdepthõand

ômodulationõ. Polynomialfit methoddescribedhereisobsolete.





Depth-dosedistributionsin water for particlesusedin radiotherapy. Neutrals fall

exponentially (after the dosebuildsup at the entrance)asparticlesarelost to

various interactions. Charged particles are not lost, but slow down by myriad

collisionswith atomicelectrons. A slowerparticlelosesmoreenergypercm becauseit

spendsmoretimeinteractingwith theelectrons,producingtheBragg Peakof dose.

Rationale for Protons



This is the first proof of principleof theôupstreameverythingõbeamspreading

systemusedat the Burr Centerandother IBA facilities. The coursewill explorein

detailthe basic physics andcomputational methods underlyingprogramssuchas

NEU, whichdesignedthis setup. Later,wewill alsocoversomeof the experimental

deviceswhich,singlyandin arrays,areusedto takethisandsimilardata.

Goal of  the Course



Goal of  the Course (continued)

Thecourseconsistsof threepartswhichare,roughlyspeaking,basicphysics,engineering,

andinstrumentation. It is designedfor personswho are,or planto be,occupiedwith the

design,maintenanceor upgradeof protonradiotherapyfacilities. Abachelorõsleveldegree

in somebranchof scienceor engineeringis anadequateprerequisite. No prior knowledge

of particlephysicsisassumed.

The physicsis not complicatedbytodayõsstandards. It wasmostlyworkedout in the

1930õsand40õs. Unfortunatelyall thegoodtextbookswerewrittenin the50õsandareout

of print long since. In physicscurriculathe topic is somewhatanalogousto anatomyor

geography: essentialbut veryunfashionable.

Thiscourseis meantto helpfill that void. It is detailed,not a survey. Its mainpurposeis

to developan overall picture at a technicallevel: to help you think like a proton. It

concentrateson scatteredratherthanscannedbeams,becausethatismyfieldof expertise.

However,muchof it shouldbeusefulwhateverthebeamspreadingtechnique.

I havetried to makethe talksmoreor lessself-contained. The typicalslideconsistsof a

picturewith someexplanatorymaterial. I havedeliberatelyavoidedanimationand the

excessiveuseof colorin orderto keeptheslideseasyto read.

The rest of this Introduction recognizescolleagueswho helpedme and shapedmy

thinkingaswellasaninstitution,theHarvardCyclotronLab(HCL),whichis inseparable

from theseold friends.



RobertR. Wilson (left) designedthe

cyclotronbut joinedCornellbeforeit

was built. Norman Ramseywas its

first Director. Earlier, Wilson wrote

the short paperthat launchedproton

radiotherapy(ôRadiologicaluseof fast

protons,õRadiology47(1946) 487)

Theyareshownmanyyearslaterat a

SLACAcceleratorConference.

The secondHarvardCyclotronwasdedicatedon 15 June1949. HarryTrumanwasin

his secondterm asUS President,televisionandFM weregainingin popularityand

commercialtransistorswerestill a few yearsaway. NuclearphysicsdominatedHCL

through the upgradein 1956 until the mid 1960õs,when clinical use beganafter

preliminarymonkeystudiesandintensivepromotionby Bill PrestonandAndyKoehler.

For ashortwhile,AndywastheonlyHCL employee,at half time. Thefirst treatments,

byDr. RayKjellberg, weresinglefractionôradiosurgeryõof intracranialtargets. By1974

thestaff hadgrownto sixandasecondprogram,fractionatedtherapyof largertumors,

beganunderthesupervisionof Dr. HermanSuitandMichaelGoitein. Thelastpatient,

aoneyearold infant,wastreated10April 2002.

Two Pioneers



Last Treatment at HCL





Karl Strauch(1922-2000) wasthepersonI workedfor whenI first cameto HCL in

1956 and he eventuallybecamemy thesisadvisor. He was a fine teacherand

physicist,taughtmemostof whatI knowabouttheartof experimentalphysics,and

remainedagoodfriend. His aphorisms,including

Only change one thing at a time.

(toppedonlybyJimZieglerõsôChangenothing.õ)liveon in mymind.

Karl Strauch



GeorgeBrandenburgdiedon September15, 2013at the ageof 69.

He wasa fellowgradstudentanda friend. Thoughnot personally

involvedin proton radiotherapy,asDirectorof theHarvardHigh

EnergyPhysicsLab he arrangedfor me to havean office after the

HarvardCyclotronclosed,makingthiscoursepossible.

George Brandenburg



RichardWilson (right) oversawthe cyclotronupgradein 1956. Later,he wasa staunch

supporterof theHCL medicalprogramthroughouthis tenureat thePhysicsDepartment.

He publishedôABrief Historyof theHarvardCyclotronsõin 2004(Googleit).

Richard Wilson



Bill Preston (1910-1989)

Andy Koehler 

in April 2002

Bill wasDirector of HCL duringmy graduatestudentdays,andAndy waslateron,

whenI returnedin 1981. Their easygoingstyleset the tone andmadeHCL the best

placeonecouldhopeto work at, emphasizingresearchandunderstandingfor its own

sake. In additionto runningHCL andpromotingproton radiotherapy,Andy andBill

madeimportanttechnicalcontributionsto theclinicaluseof protonbeams.

Bill Preston,  Andy Koehler 



This MS ca. 1968wasrejectedand never

published. It describes(with experimental

confirmation)the now ubiquitousproton

pencilbeamconcept. Now availablefor

downloadin myWebdirectory.

A Seminal Paper by Preston and Koehler


