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The hybrid electronpencil beammodel (HPBM) canusually be appliedto middle or large
elds andgetgoodresultswhereast is sometimesotsosuccessfulo applyHPBM to small
elds. In this notewe reportsomeresultsobtainedby usinganextendedhybrid electronpen-

cil beammodelfor small elds. Consideringthe conditionof small elds, we rede ne the
central-axisdepthdosefor mono-enegetic electronsin small elds andcalculatethe tted
spectrumof incidentelectronbeamfor thesesmall elds. Throughtheseimprovementswe
canmalke the extendedhybrid electronpencilbeammodelapplicableto small elds andob-
tain goodresults.And atthe sametime, the extendedHPBM retainsthe calculationaccurayg
andef ciency for middleandlarge elds.

PACS: 87.53.Fs87.58.SP

1 Intr oduction

Theelectronpencilbeammodel(EPBM) hasbeenprovedto be a very usefulmethodfor calcu-
lating electrondosein radiotheray [1-4]. Althoughsomenew algorithms suchasMacroMonte
Carlo(MMC), Voxel Monte Carlo(VMC), andPhaseSpaceEvolution (PSE)method have been
recentlydevelopedandhave obtainedgoodresults[5-7], EPBM is still beingappliedto clinical
applicationsjts algorithmbeingunderconstanimprovementandits computingaccurag being
increasedyreatly The pencil beamrede nition algorithmfor electrondosedistribution devel-
opedby ShiuandHogstromis a goodexampleof suchefforts andimprovementd8]. Actually,
asEPBM s simpleandapplicable andin mostcasests accuray is acceptablaswell, how to
furtherimprove its accuray is still of signi cance. HPBM is alsoa kind of improved EPBM.
By keepingthe mainideaof EPBM andincorporatingwith moretheoreticalresultsof the bi-
partition modelof electrontransport HPBM reducedargely measuremerdatausedto EPBM
andimprovesboth accurag andef ciency of EPBM [9]. HPBM hasbeenappliedin radiation
therapy. It canpredictdosedistributionswith highercalculationspeedevenin the presencef
inhomogeneityandunderirregulargeometryconditions.In mostcasesits calculationaccurayg
is acceptabldor radiationtheragy [10]. However, we foundthatlargeerrorsin calculatingdose
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Fig. 1. Schematiadiagramof small eld for hybrid Fig. 2. The tted spectrunfor 6 MeV enegy elec-

electronpencil-beanmodel tron beamwith 20mmx 20 mm eld sizeand1000
mm SSD.For the estimateof theaccurag of the t-
ted spectrumseethetext.
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Fig. 3. Percentagelepthdosecomparisontheirra- Fig. 4. Dosepro le at 8 mm depth,the irradiation
diationconditionis sameasFig. 2. conditionis sameasFig.2.

distribution mayoccurwhenHPBM is appliedto small elds. Recentlywe improvedthis model
and obtainedgood calculationaccurag in small elds. Someresultscalculatedby usingthe
extendedHPBM arepresentedh the paper

2 Impr ovementsin hybrid pencil beammodel

In HPBM, we assumedhat the Percentagdepth Dose (PDD) distribution of a nite broad
electronbeamapproximatelyequalsthe depthdosedistribution of anin nite broadbeamin a
considerabldargeregionin irradiatedmedium.Of course this assumptioris true only whenthe
eld sizeis largerthanthe trans\ersediffusion distanceof anelectronpencilbeam.Obviously,
suchprerequisiteno longer standsfor the caseof small elds, especiallyat large penetration
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depthswhereelectronshave undegonegreatnumberof interactionswith mediumandalready
had large angularspreadand trans\ersediffusion distance. This is illustratedin Fig.1. We
supposehe maximumtrans\ersedistanceof anin nite narrow electronpencil-beams |, then
shouldbe the critical eld sizefor our usingabove assumption.Whenthe eld size (we
denoteas )issmallerthan , therewill beno suchregionwherethedepthdosedistribution
of thesmall eld equalsto the depthdosedistribution of anin nite broadbeam.If we de ned
asthe depthdoseat centralaxis of the small eld and asdepthdosedistribution
of anin nite broadelectronbeam the deviation for this caseis true. This
resultindicatesthatthe depthdosedistribution of anin nite broadelectronbeamis largerthan
the dosedistribution at central-axisof the small eld becausén the latter casea portion of the
doseat central-axiscontributed from transwersediffusion electronshasbeenmoved out. To
applyHPBM to small elds, we still usetheformulae[9] to describehespatialdosedistribution
resultingfrom an electronpencil-beamwith mono-enegetic  anduniform uence of a small
eld

— — 1)

Where, is the doseat point for an electronpencil beamwith incident
enegy underthesmall eld case. representshe depthdosedistribution of broad
beamwith incidentenegy . is the error function. is a characteristidrans\erse
parametede nedin HPBM [9]

— )

Here, , , and arede nedasin previouspaper?2, 9]. Generallyanincidentelectron
beamconsistsof electronswith differentenegy componentsvhoseprobabilityis . If we
know the enegy components , the spatialdosedistribution can be obtained. Thus, the
eg.(1)canberewrittenas

S S 3)

with  and representingominalenegy andthemaximumprobabilityenegy component
of incidentelectronbeamrespectiely.

(4)

Here, describeghe in uence of penumbraon the dosepro le at the surface(z=0). The
seconcartof eq. (4), , givesthetrans\ersediffusioncontributedby initial angularspread
of electronbeam[1]. describeghe trans\ersediffusion of electronbeamgiven by
HPBM [9]. Now we canexplaineq.(3) from anotheipointof view. At rst, weusesymbol
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insteadof . is notrealenegy component®stherthana tted enegy spectrunof the

incidentelectronbeamandit canbe obtainedby solvinganinverseproblem.For agivensmall

eld, we actuallycan nd out sucha tted initial enegy spectrum of incidentelectron
beamby letting the calculateddepthdoseat the centralaxis exactly be equalto the measured
dose.Thus,we have

In fact,eq.(5)is the rst kind of Fredholmintegral equationandit is, in general,ll posed.As
mentionecdabove, is thedepthdosedistribution of abroadelectronbeamwith enegy

, it canbe calculatedby bipartition model. For a small eld, we de ne anequialentenegy
depositiorkernelas

Then,we get

(7)

Thus, the solutionof electrondosedistributionin a small eld is corvertedto nding the tted
initial enegy spectrunof electronbeams.This problemhasbeendiscussedn detailin the pre-

viouspapeir{11]. Usingthesamemethod,.e. regularizationmethod we canobtain . Once
the is determinedthe dosedistribution of small eld canbe correspondinglycalculated
througheq. (3) by substituting for only.

3 Results

Applying theextendedHPBM mentionedabove, we have calculatedheenepgy depositiorin wa-
ter phantomwith 20 mmx 20 mm eld sizeandwith 1000mm sourcesurfacedistancg(SSD).
Theenegy of electronbeamss choseras6é MeV and10 MeV. Furthermoreywe madea compar
ison of thesecalculationresultswith experimentaimeasuremerdatain waterphantom.These
measurement@recompletedby ZengGein TuebingerUniversityhospital[12,13]. Theerrorof
measuremenrdatais 0.5%for elds smallerthan100mm x 100mm. If the eld sizeis larger
than 100 mm x 100 mm andthe eneqy is lower than8 MeV, the errorsnearthe eld edges
canbe upto 1%. Therelevantdatafor 6 MeV enepy electronbeamsareshavn from Fig.2to
Fig.6. Fig.2shavsthecalculatedtted enegy spectrunof electronbeamswith 6 MeV nominal
enegy. Fig.3 shavs a comparisorof the PDD databetweenextendedHPBM, original HPBM
andthattaken from experimentalmeasurementfrig.4,5,6shov a comparisorof dosepro les,
which areat 8 mm, 12 mm, and20 mm depthrespectiely, givenby extendedHPBM, original
HPBM and experimentalmeasurementsThe other ve gures, from Fig.7 to Fig.11,shav a
similar comparisorbetweerntheimproved, original HPBM andexperimentalmeasurementor
the caseof 10 MeV enepy electronbeamswith 20 mm x 20 mm eld size. For electronbeam
with both 6 MeV enegy and 10 MeV enegy, the accurag of tted enegy spectrumareless
than1%. Fromthesecomparisonsit is clearthat: 1) The original HPBM is not very suitable
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Fig. 5. Dosepro le at 12 mm depth,theirradiation Fig. 6. Dosepro le at 20 mm depth,theirradiation
conditionis sameasFig.2. conditionis sameasFig.2.

Fig. 7. The tted spectrunfor 10 MeV enepy elec- Fig. 8. Percentagelepthdosecomparisontheirra-
tron beamwith 20 mmx 20 mm eld sizeand1000 diationconditionis sameasFig. 7.

mm SSD.For the estimateof theaccurag of the t-

tedspectrumseethetext.

to electrondosecalculationfor small elds, and?2) thereis good agreemenbetweenthe dose
distribution calculatedby the improved HPBM andthat of experimentalmeasurementsThese
resultsshav agoodpromiseof applicationof theimprovedhybrid pencilbeammodelto clinical
cases.Thoughwe focuson small eld in this paper the extendedHPBM canalsobe usedin
middleor large eld. Inthecasefor middleor large eld, theerrorterm — ineq.(6)

is aboutl. Therefore, is actuallyequalto . We alsoshav a comparison
betweercalculationresultandmeasuremerdataof 8 MeV enegy electronbeamfor 200 mm x
200mm eld sizein Fig. 12.
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Fig. 9. Dosepro le at 9 mm depth,the irradiation Fig. 10. Dosepro le at20 mmdepth,theirradiation
conditionis sameasFig.7. conditionis sameasFig.7.

Fig. 11. Dosepro le at30 mmdepththeirradiation Fig. 12. Dosepro le at 20 mm depthfor 8 MeV
conditionis sameasFig.7. enepgy electronbeamwith 200 mm x 200mm eld
sizeand950mm SSD.

4 Discussion

When HPBM is useddirectly in small eld case,the calculationPDD is muchlessthanthe
measuremerdata.We will seearelative errorof 12%atthe 22 mm depthin the caseof Fig. 3,
and15%atthe34 mmdepthin thecaseof Fig.8. Thereasoris thatelectronsatlargepenetration
depthshave undegonegreatnumberof interactionwith mediumandalreadyhadlarge angular
spreadand trans\ersediffusion distance. Therefore we must correctthe measured®DD data
whenwe unfold the spectrunof incidentelectronbeam. After having donethis, we geta more
accurag result. We canseea goodagreemenbetweerthe calculationPDD and measurement
PDD. Therelative errordecreaseandis lessthan2% bothfor the 6 MeV enegy electronbeam
andthe10MeV enepy electronbeam(seeFig. 3 andFig. 8). However, we still nd alargeerror
outsidethe led for the 10 MeV enepy electronbeam(seeFig.9andFig.10). Theseresultsfrom
thefactthatwe didn't take into accounthe photonscontaminatiorandelectronscontamination
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from thecollimatorin this paper
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