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BG Web Directory

My Webdirectorymaintainedby courtesyof the Physicepartmentis at
http://users.physicharvarcedu/~gottschalk/

It currentlyhasthreeZIP files,all of whichwill changdrom timeto time

BGwareis acollectionof softwareincludingsourcecode,Windowsexecutables,
iconsand auxiliaryfiles neededo run the programsYou arewelcometo use,
borrow from, or adaptthese programsbut pleasenote the Disclaimerof
Warranty(nextslide)

Thechiefaimof thiscoursasto explainthethinkingbehindthesgrograms

BGdocs is a collectionof PDF filesincludingREADME (a sort of site map),
userguidedor someof the programsandPBSa2004draftof abookon Passive
BeamSpreading planto keepthis draftintactfor the time beingwhileaddinga
revisedexpandedersioncalledTechniquesf ProtonRadiotherap¢TPR)

BGtalks isacollectionof PowerPoinfiles(thiscourse)alsounderdevelopment


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

PDF Files in BGdocs.ZIP, November 30, 2007

. FitDD : UserGuideto FitDD, a programthatfits SOBPor transversecandata(in
textformat)usingthe brokensplinemethod

. FitScan : UserGuideto FitScana programthat fits SOBPdata (in text format)
with 3 polynomialsObsolete

NEU : UserGuideto NEU, a programthat designssingleand doublescattering
systems(upstreammodulator and contoured secondscatterer)to meet clinical
specificationgadiusdepthandmodulation)

. PBS: 2004draftof abook,6 P a BeamSpesadingh ProtonRadiatiorT h e r.B p y
hopeeventuallyo replacdhisbyalargemwork,06 T e ¢ h afiPptan®R&® di ot h e |
(thesdectures)

. PrestonAndKoehlef968: an unpublishedmanuscript The first theoreticaland
experimentdreatmenbdbf protonpencilbeams

. ReadMe: aguideto the Website

. RVcal : calibrationof the IBA rangeverifier (asinstalledfor instanceat the Burr
Center)Discusselhowto analyzd&kV dataandhowwellRV performs

. SOBP : on the characterizatiomf S O B Pa@idsthe definition of 6 d e @rdh o
0 mo d u |Palytnemafit thethoddescribedhereis obsolete



Disclaimer of Warranty and
Limitation of Liability

The software described herein is furnished ‘as is’. Bernard Gottschalk (BG) makes no
warranties, express or implied, that the software is free of error, or is consistent with any
particular standard of merchantability, or that it will meet the user’s requirements for any
particular application. BG accepts no responsibility for any mathematical or technical
limitations of the software. Without additional testing by the user, the software should
not be relied on for solving a problem whose incorrect solution could result in injury to
a person or loss of property. BG shall not in anyv event be liable for damages, whether
direct or indirect, special or general, consequential or incidental, arising from the use of the
software. Use of the software is entirely at the user’s risk.



Rationale for Protons
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Depth-dose distributionsin water for particlesusedin radiotherapyNeutrals fall
exponentially (afterthe dosebuildsup at the entrancepsparticlesarelost to
various interactions Charged particles are not lost, but slow down by myriad
collisionswith atomicelectronsA slowerparticlelosesmoreenergypercm becauséd
spendsnoretimeinteractingvith the electronsproducinghe Bragg Peakof dose



Goal of the Course
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This is the first proof of principleof the 6 u p s tervea m lhedamsprepding
systemusedat the Burr Centerand other IBA facilities The coursewill explorein
detailthe basic physics andcomputational methods underlyingorogramssuchas
NEU whichdesignedhis setup Later,we will alsocoversomeof the experimental
deviceswhich,singlyandin arraysareusedo takethisandsimilardata



Goal of the Course (continued)

Thecourseconsist®f threepartswhichare roughlyspeakingpasigphysicsengineering,
andinstrumentationit is designedor personavho are,or planto be,occupiedwith the
designmaintenancer upgradef protonradiotherapyacilitiesA b a ¢ h éVeldag@es
in somebranchof sciencer engineerings anadequat@rerequisitéNo prior knowledge
of particlephysicss assumed

The physicsis not complicatecby t o d atgndasdsit wasmostlyworkedout in the
193® and4@. &)nfortunatelyall the goodtextbookswverewrittenin the 505 andareout
of print longsince In physicscurriculathe topic is somewhatnalogouso anatomyor
geographyessentidbut veryunfashionable

This courses meantto helpfill thatvoid. It is detailednot a surveylts mainpurposes
to developan overall picture at a technicallevel to help you think like a protanit

concentratesn scatteredatherthanscannedbeamsbecausénatis myfield of expertise
Howevermuchof it shouldbeusefulwhatevethe beamspreadingechnique

| havetried to makethe talksmoreor lessseltcontainedThe typicalslideconsistof a
picture with someexplanatorymaterial | havedeliberatelyavoidedanimationand the
excessivaseof colorin orderto keeptheslidessasyto read

The rest of this Introduction recognizexolleaguesvho helpedme and shapedmy
thinkingaswellasaninstitution,the HarvardCyclotronLab (HCL), whichis inseparable
from theseold friends



Two Ploneers

RobertR. Wilson (left) designedhe
cyclotronbut joinedCornellbeforeit

was built. Norman Ramseywas its

first Director Earlier, Wilson wrote

the short paperthat launchedoroton
radiotherapy 6 R a d i usebfdagti ¢ a
pr ot Radidogyb7 (1949 487

Theyareshownmanyyeardaterat a
SLACAccelerato€onference

The seconHarvardCyclotronwasdedicatean 15 Junel949 Harry Trumanwasin
his secondterm as US Presidenttelevisionand FM weregainingin popularityand
commerciatransistorswverestill a few yearsaway NuclearphysicsdominatedHCL
through the upgradein 1956 until the mid 196@ swvhen clinical use beganafter
preliminarymonkeystudiesandintensivgoromotionby Bill Prestorand Andy Koehler
For ashortwhile,Andywasthe only HCL employeeat half time Thefirst treatments,
by Dr. RayKjellberg, weresinglefractiond r a d i o0o$ intraqaeialaygétsBy 1974
the staff hadgrownto sixandasecondgrogramfractionatedherapyof largertumors,
begarunderthe supervisiomf Dr. HermanSuitandMichaelGoitein Thelastpatient,
aoneyearold infant,wastreatedLOApril 2002



Last Treatment at HCL




Harvard Cyclotron Laboratory

Final

May 25,1961 - April 10, 2002

Neurosurgery 3687 patients
Eye: Uveal Melanoma 2979

Radiation Oncology (large field) 2449
N - TOTAL 9115

Total Radiation Oricology Fractions: 46,055



Karl Strauch

Karl Strauch(19222000 wasthe personl workedfor whenl first cameto HCL in
1956 and he eventuallypbecamemy thesisadvisor He was a fine teacherand
physicisttaughtmemostof whatl knowabouttheartof experimentghhysicsand
remainecigoodfriend His aphorismancluding

Only change one thing at a time.

(toppedonlybyJimZ i e gd&hangehasthing.0 liveonin mymind



George Brandenburg

GeorgeBrandenburglied on Septembet5 2013at the ageof 69
He wasa fellow gradstudentanda friend Thoughnot personally
Involvedin proton radiotherapyasDirectorof the HarvardHigh

EnergyPhysicd.ab he arrangedor me to havean office afterthe
HarvardCyclotronclosedmakingthis coursgiossible



Richard Wilson

A BRIEF HISTORY OF THE

HARVARD UNIVERSITY

CYCLOTRONS

RICHARD WILSON
MALLINCKRODT RESEARCH PROFESSOR OF PHYSICS

HARVARD UNIVERSITY

RichardWilson (right) oversawthe cyclotronupgradein 1956 Later,he wasa staunch
supportenf the HCL medicaprogramthroughouthistenureat the Physicepartment
He published ABrief Historyof theHarvardCy ¢ | oih 20@4(Gsogleit).



Bill Preston, Andy Koehler
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William Preston: director of HCL 1955 - 1975

Andy Koehler
in April 2002

Bill Preston (1910989)

Bill wasDirector of HCL during my graduatestudentdays,and Andy waslateron,
whenl returnedin 1981 Their easygoingtylesetthe tone and madeHCL the best
placeone couldhopeto work at, emphasizingesearctandunderstandinépr its own
sake In additionto runningHCL and promotingproton radiotherapyAndy and Bill
mademportanttechnicatontributiongo theclinicaluseof protonbeams



A Seminal Paper by Preston and Koehler

The Effects of Scattering on Small Froton Beams

W. M. Freston and £. M. Koehler

- Department of Fhysics, Earvard University
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FIGURE |

This MS ca 1968wasrejectedand never
publishedIt describegwith experimental
confirmation)the now ubiquitousproton
pencilbeamconcept Now availablefor
downloadn myWebdirectory



