LRIV —a B VWA R T RV —X B
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H ST 1A FHE (radiotherapy treatment planning:RTP) & A7 AZ3UNT, IEREZRBRESAR K OVERITE
BTHDH. X BOBREFHEIL, FHEEAEOTFEIZR T AR EMEICEL TELOFIENEFIZEST
ZZ DN TE. MEFHEIEL, fEREKELO R —a EREL THAEEZEDET LR —RE (2
YR —variE, BT AR ICEDYO05HE Y. fIEREIEITED BAZR L T CORRE EICA
WO TEZ. ZOFEE, FTEFEPKTHLLIUEL TREFEZITV, KICHEAREZEALTRY
BEHBEAN TOREEBLHETHD 7. TFAR—RIEN, fRSN TSR BRIEHREE (RTP) & 27 A
DO—EIZEAEN, ZOFHEREDILRHM ERR LI TNS.

BRI A CEAREFHFIEICRBO Y, BTNV EZT B R HEEENTOX BT #EDO L
BERLLTED. BT HAEDOF RO —20F, Fh 1 Ot+, B, BT) O@iiklZ SOV CEEMZRE #aAs
BoNDTEND, [ERNMESROKXFRLEOMAEEA TAELARR O AT — 0340, A0 ISR E
3AA7eE DFERL SR TEBZETHB 9. £, ZNODOIEBIT, MBI E RS HRIE PR (RTP)
AT DO FERER TS AR RIZB W T, RRE — A0 BB YR PRMER - FmE Rt 5. 2, 2hoo
fHEROPUIL, EBROBKRBYS TITRIE RO YA X7 L OMBERLHIF O DIZREDRELRL DR H 5.
EGSnre 21— i3 &R F OBIEI BT 53 AT S ATRE T, B AN B O R4 IR — LDR %
BT 5 ECHARI—NRTHD. T THNVEITHBO RGNS BRESMIZEZ D2, N
KR ELHELR B DO BE R E DM R RN X — Wik OBBEE T 5 ECHEFITE L O>FIETH
% Y Linlieidh, BERECIIEL THAaikd R AL RIS EZ 21T T 6, JEH IR R
RETD. BT ARSI AR EFRICBE T ARAT R ORIV T Mohan & V253 L T5.

—J7, X BRE—L2OBHFIIIDEENDOTERICB TR EL, —KREUBELREICBECTED. —k#KR

B, TOLEAICEETINCEEEEEER LD —RAETHLEBERMICEZONIBRETHS. Bl



BMEIL, —KIEAIZETHERZZ T 22 TORNLELHELE FIILEXLNOMETHD. REEZ—
WB OBCELBR RSy BEL CRHB 205151, BEEZED 2O —oTHS V. arvii—rarik "%
R T ANAELFERRIC, —IREOBELREZ B 2 (BTN TE, R¥—RAFE —238E A%
R B O BK &M T T, ZREBREFHEICHLUTRICB N ZRETS. av R —aiEil, — R X
RE —LIREL TIREA LD T RAR — ik R R EZ R T — R UTEELR — A — 3V & ZE I E
B (FUARN—a) TOMEFBIETHD. KUSNOWEIZx T 5 —REOBELN — X — 0, &
TR B R B OB HOT, KRR OBELR — X — A HEEE T IEDR - TH 5.
A RN —Ta AEOREITEMTH L, AN —K XBRIEES A0, S/ RO E L TOAHR X A~
MU, BEF TOREE, FEHTIN— XD —F I > THERENKEEEEZITS. avRl—i3
NEEESTHREFRZITOGE, U TOREEZZELRTIUTRLAR0.
(1) FERILTZ X AT MUZEESD 7RV — X — RV O
— I X BRARTMUTTARERB 1L > TRRD. £, XBATMUVTEN R ZX > TEL 5. #f
>T, EFREERBREHERITOIDIL, RFEEBI LD XAV T [C SN R— R — R %
EHTOLERSHD.
(2) Z—~<DfFEH
BARPAZBRIB TSR X BE—MIBREEEZITD. —IR X BEEIZ— RS —< (total energy
released per unit mass:terma) # A L7256, —RE OEELREOEISIT 52Nz X BRE — A2k LT
ETOE— L ET—ELRD. fll)7, —IK X #RIEEE|Z— K224 — (kinetic energy released per unit
mass:kerma) Z R 358, X BARZMUAHBL TODE5E, AP LZEE TR X #E—20KE
EALZBRIZANTHREFTEDAIREL D720, DIl — KRB RITIV EREZFR R RS e 2D
(B ANX—X BERFTIEI—KBEOFGPIEFTITREN). -, —KEEI—~E2EHIEN—
AH—FDERABIVEERR THS. ZOHEEIT Ahonesjs & T L> THIFHS LTS,
() HERRAK T 7 hAIZ SR =X H— RO
BEARLIRDKPTOR— AN —RNAT, BHERERAKT 7L (ERKT 7 b L) O LN — R A LD
REMERSEREL, T Iab—aildoTELNS . LinLedsh, 2D X5RE—Z0
—FNERWTGE, FIZMET 7o FARNIZEBWT, JREADORS I A AR RSIZE> THED &V
BEHERITHILN TELLEDL, BEMRTIIEEHLITR> TV, Hil 24, aRL—s

AETHOWDBR =X =2 ED56, HIRKT 7 FADFN R F EDOEHRZEIRETIEARS,



TeLA, MorfEE NSO TRISR RS EEIRAK T 7 hALO B M4 O TRONARET

HHEFERML D,
Pencil beam Pencil beam
Air Air
O r T HZ(T] >r)
Water- Water
g
Hi(E.) 0 r

(@) ®

Fig. 1 Diagrams showing how (a) the forward dose kernel and (b) the backward dose kernel should be constructed
using semi-infinite water phantoms for a given pencil beam, where the interaction point is situated at point O.
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R OHEELBR EAE R DT . Fig. LOILR@NIIxET 2K P — Rk OBELRN — R — RV D% 753 2\ T
LTHED D2 RL TV, ZAUTFER KT 7 FADORE T 7 IALETH 2 —AEH B O(n=0, r =0)
ICERT27 7 AR LD RGBT 5 — R I OEELREE KT . Fig. 1 7°D, 5(0,) TORTFT —IK
ROBESREDL, AR OIZBITE VA e —AOMENEWVZELWE AT, B0, THO%RS —
KK OBELRRBEICFELLRDIER DD, 15T, #ilH — IR R OBELR — X — F/Uid Fig. 1) TR -1
[RAKZ 7o bbZE>THRON, XFEHR O FARKEICRETS. £, B - KEOBELN—XH
—R/VIEFig. 1(b) TR HERAK T 7 b2 THEON, X FIERAR ODERIITAIETELISIIRETS.
DFEY, ERAKT 7R LEE ST Iab—ar SR —Xh— RV T, 1EASR 0D ESIZITR KIBO%
FRELDFIET D P, ZOXHRR—R A — R SREFH R TIE, ©— A AR RE@ T, rEE
15 R AF 3T e Ve E 25 3 e R ¥R % (intensity modulated radiation therapy : IMRT) 045U — 7 {5 5 CHF I B B



HEORRENEARDIENTRIND.

ZOHIXTHEALTCODHGEDVK DR IZTERTD. THLIEFILEK, K770 haEHAWTEERLIZLD

TH2.

(1) TAR (tissue-air ratio) 1%, ZZRINTE 2N HIZENWT, EFFENHIOERILTIRESOEKEAT
7Y RATOFDNIBITDERBR BT TD, K77 bW TOREDLEF DT . FHRSTE TAR T
5 EF FELrkEFLRDBOF R A XORFENOFERFTF ~DOIMFIZL->THLND. TR
TAR 35 B 7 F THO— KRB EK 2 ERDT.

(2) SAR (scatter-air ratio) iZ, TAR DK 77> P AN TEREE ZII A FORCERTHHM 2R DT . =
i, 52oNFERSK OB EO TAR 2 HERHFEF TARZELS W ebDTHD.

(3) TMR (tissue-maximum ratio) i, K77 P AZB VT, KEmME (E— 7B E) 2R T IES TORRITL
T5, HbOESTORBEDOL THD. ERH T TMR (M5 E T T F CO—RBREMR T EEDT.
(4) SMR (scatter-maximum ratio) I%, K77 bAIZEBWT, BEBEL T T EEERTO—KB{ELEEST

DBEBBELDOLTHD 7.

(5) LSD (laterally spread primary dose) {, ASTE —L3BEA—EIRSTIREET, K77 FANDEED R
ICBNT, KIBHBFIZIT 2 — KRB RIS 202 BH B TO—RMRBEDOL THD 7. LSD 13, RN
EVRT S RIE A B X D LRSITITERER LS.

T, BB R — S a B AERE TS, Cunningham 5 P77 | BIZEIED XM BELR &
BT, SAR BAEE M T 5 ZEIZEVMELNDELN — X — LS BV BD. ZORTFRE, AR
% Fig. 1(@UIRLIZBHEMZ AWV TESEZLOERILTHD. LLRMBS, %I4T Fig. L(bWIRLT-M
H&ME AWV TESZHOLIXRIC TRV, AN TOBELREDF R, "TA—ZLL TE iz o<
HEREAKT 7 h AN TO— KRB EEZFAWT, 2R —2alikild->TTY. —JF, —KRBREOHE L, £
e TEAM L 72 B MRS TAR BIEE AV TIT5 7). iy, B Ol o TR S — R R O ELRR =
VIR —al BT, AN TO— KRR OBEREIZ AT A—ZELT—RKE RS —~ Ve HOTT.
KPTO—RE =R —WIE, FERFTEF TMR K LSD IZESWTER T2, 72, AP TOBELN—X
— T, SMRIZEDSWTER T 5. KFTO—KRE OBELR — XA — /L 1X Fig. 1(@) & QNI R U7z RS
BT ESOTHMZTOR TS, K TO—KRF—2AA— N ERWTRBABTFRELHE T 2R L
— A ELRESN TS 1 ZRb0ar R —sal T, M KRR R OBRELREIELIES, 7
HIF, —IREROHELR — 2 H — R UITIRS R OB B ERICEAL T, — KR ER CBELSRER A5 T2



TS THER DL THD Y.
ZOFRED BEITIRDIEY THD.
(1) ErFAhnraiiab—larZROTHo —REER CHELREIRIZE SV — R R OHELR — X
—X OIS
(2) X MAXIIAZBITHEEEANEF O —RAKERI —< 2 EASE TE Te — IR A ORELE — X0 — X
VO FERREE
3) —RERUEELR —XH—F %A Za R —a AR XK P R EOFH E

@) EVTHAALIaL—Taril LD KPR EO R

1. B
UTFIZBWT, XBAIMOEZETRLF—E Y (i=1-n) (25 THRBERAF—IT EG) MeV), HtT7

VTR @) OEFlem?) EERENRET.

(1) —HKEE—

—RKE LA —~ &L, —RIEFIZESTKROBEELIDLRAETDL REF (A —V =&, LET,
a7 BT ROKET) BAF TEMR OE TR =T — 6 BRICLDZRNF —5F ) 2R T.
FFED X BRART M2 IRKE LA —~1T,

K, (i) = EG)-D3)- (1, (EG))/P)\ue x1.602x107° (Gy) (1)
722 (i=1-n) . ZZT, (U (ED))/ P)yarer 1 ERTBZ=RNAF—E() (MeVIZXHTHKE BT 1 F —IRILEREL

(cm’/g) Tdh5b.

(2) PEERRAKT 7o b EAWTELNLN— X T —F /L

ZOR—=RH—iL, BT HNA A2l —2a i, FTRAF =V (i=1-n) DRFETIILF—E>)
MeV)DHBENEFEZRNTER TS, —IREUBELN =X — Ui, ERZIUEA O(Fig. 1(a)Xi(b) 2
BT HEREF (em’) NIC — KK BB —~ | Gy ZBHL7ZHE0O— KK OCBELRIRE (Gy) TRT. oF

D, ZO¥IE em?® LB,



(3) ERAT7boEANTHLNDR—X I —FRL

ZOR—ZH =ML, BT ANEL 2l —Taildl), FTRAF—E L (i=1-n) ORFETRLF —E()
MeV)DEEXFZHWTER TS, —RERUBEN - —30iE, ERENKRERKT 7LD HLNT
B LI KRR MOBRER (em’) WIC— RAKEZED —~ 1 Gy ZBELIZGED— R & EELR IR &

(Gy)TET. DFY, ZOHMIT em™ L7225,

@) ErTAraLIal—aAlIVBONN— A =N B RN — 2 a ETHWS O O #H
LT ANl —2a NI RN X —E Y (i=1-n) ORFBZFNVF —EG) MeV)DH 15

WTHER SN B KR FOR =X A —FVIZBELT, Hoo(Z,R) 3 & B%, HYC(Z,R) 1z — k&%,

prim
HM(Z, R) HEMEA TN TR TR — R D —FLThD. WTFIBE IR T AN =1 Y FOIEH
WODE(ZRIBITDME (Gy) 2RO 720, ZNOOENIE Gy ERX+Th5. av R —ia ik TE
DR =X A —FVICBALT, How (Z,R) 1388 &%, Ho'(Z,R) i3 —Kk#k&E%, Hoy (Z,R) 13#E
BEEZRTR—ZAH—FLTHS. WTRLFAICBO THALAE (cm’) YY), BALKEZED—~< (Gy) %9 T
D E(ZRIRITHHEE (Gy) ZRDT720, LD BT em™ THB.

WIZ, B=ZH—FN HY (Z,R) RO HEW(Z, R) OB Z R ~B, — WA FHMEFER AV (cm’)NTH
AAERZEZ ORI,

AN joon = P (W(E)/ P ater *Povarer “ AV )

TbBb. ZZT, (UE) P) ooy 1IKDEBBIHEE (cm’/g) TDS.

ZZTH, paae=] (em)ERATHE, Q)L

AN phoion = @ H(E) yper - AV €)

photon

L7275, ZZT, WE), e BAKDBRIES R (cm ) THB. ZHUTEY Hoo (Z,R) VB, B(ZR)IZEITS
BEL,
Hypa(Z, R)-[@-w(E)

total

-AV] (Gy) Q)
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Lien. s, HOV(Z,R) ZRVWDE, B(ZRIIRITHRED,

prim
HEN(Z,R)[E- @ (U, (E)/P) e ]- AV x1.602x107"° (Gy) (5)
L72B, TNHOBREIIEWNIELNWIENS,
Ho (Z,R) = Hgg(Z,R) - W(E) e NE - (Ben (E)/ P) yier X1.602x107°]  (em™) ©6)



WREH. ZIT,

K= E-(U,(E)/P) e X1.602x107° (Gy) (7)
rplE,

Hgo (Z,R) = Hga(Z,R)/ K (cm”) ®)
ERDTIENTED. ZIT K ld, FRlRG 8 O KERI—~2ROT. TOMEFRRERZ U TSR~
5. HYC(ZR) 1R, H2HFTATLR & ORHT T, KOEE AV ()2 THEER T2 757
ANpoon=1 B THDGE DB THD. DFY, RQBIZBWT, ANppoo/ AV =1 £BLE, HFTNTURA DT,

@ =1/(1(E)) yer ®)
E12%. ZOBFEDKE I — L, K(1)KRT9)EY,

K =E-® (U, (E)/P)yue x1.602x107"

(10)
=E (Lo, (E)/ ) arer /(I(E)) g e X 1.602x 1077

L%, SED, KEITHBNT, K =K, Thb. — K& OBELR — X4 — R /L SV ThRBEC,

H(Z,R)=H 3o (Z,R)/ Ky (cm™) (11)
HZY(Z,R) = H (Z,R)/ Ky (cm™) (12)

1%, KE@)EY, HEO™(Z,R) (em™)E, HYS(Z,R) (GyWER Yt &R DK E S — < (Ks (Gy) DB

LEYVDOR—AH—/)V (EHE) THLTENEESND.

S) EFLTAATLIal —ialiVBONER—Xh— RV ORRGE

—RKROHEL BN — X0 =RV DOREEI = RN F —FEEE AW TITY . 72720, ERKT 7 F AT
BONTHEDIZRD. HFZALF—E L (=1-n)DREBEZRLX —E(G) MeV)D B AN AV TIERS L
—REOEELR =X — 3NV EHT 5. F—Xh—RVOREET, Fig. 210" TR Z, FERDERKT 7
YRPANDFRE S O I FEERSE . B, —IRF—X W — NV ORGEEEZHH 5. 1 A FERTHED
NDEERK T 7 AT 5 IND ) — IR & Worim(DIE,

W im = EG) (Hea (ED)/ 0) e | BEE()) yer X1.602x107 (1) (13)
EHEEND. ZZT, (R (EG)/P) vaer T O WEG)) e 1, TUENHF T RLF—E() (MeV)DKIZE
JHHE BT L X — IR IR B (cm /) LAREEHE S (cm ) THS. )7, TV TN B Il —al i B8
S WRHEW N (i3,

prim



Wp?f,g:[ZH;ﬁg(z,,R]).Az.Aijm*} +|:ZH;‘$(ZI,RJ)-AZ.ASJXIO‘3 @ (14
1] forward 2y backward
THY, ASHE,

AS, = z|(R, + AR/2)* = (R, - AR/2)}] (cmd) (15)

THEENS. 22T, K(IDDOHFEDDE 1 HiZ—KRR—X I —RVORIF ST, § 2 HIZ% TR THD.
(Z,R)LHIG AZ, AR D~ NIJ A )0 H LS TOIEENL B (em)ETRT . Worim & W e IR OTISIE L2
TR bA.

RIZ, BELR =X —=F/ORREEIZ DWW TR 2. 1 EFERIZE > TIHEONLSERK 7 7 bAIZT ES
NDOFEEIEELRRE W),

Woea = EG) - [EG) P)yater = (Ben (ED)/ P) e ]/ WE (1)) yier X1.602x 1077 () (16)
LEHEENS. 7, BT HATL T2l — L3 \TEBRELN — A — R ORSRELRE WM )i,

scai

scat

ngfzZHMC(Z,,RJ)-Az.Aijlo-3} +[ZH§‘:§(ZI.,R]).AZ.ASJx10"3} ) a7
1, 1.]

forward backward

TEREENSD. Wiea & W EENTIZIE B LT RITARBR0,

scat
REIZERN = XA —F VORI OV THRATD. 1 ERE T THRONDER KT 7 hAIIfT 5SS ¥
P ERRE Wi (D1,
Wiow = ) - (WEG) P) gater  HE (D) yaier X1.602x1077 - ) (18)
THEESNS. BT LB 2L — L a LB — AT — RO BEW Y (i3,

Wow =Worin * Wz () (19)
TEHESND. W EWESIZENTRE—BLARTIRLARN. FLFhAaL 2l —a |l I ER K
77U b BEE S TRLNZR—XH — /L ORIEICIE Hubbel’ 1255 W(E®G)) yaer» ME@)/ P) g KT

(Won (ED) P)yaer P T —ZZEFIHL, (14), AR TA9E AW TITo 7.
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Fig. 2 A cylindrical water phantom used for yielding dose kernels by Monte Carlo simulation. Point O is the photon
interaction point set at the center of the cylindrical water phantom. A set of matrices (i, j) with intervals of AR and
AZ is used.
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~bLT 3L, BEEFHNOES Z(cm) TO—IRKEZED —< Ka()iL,

K 1y (i) = Ky (1) eXp(=(E(1)) 0y Z) ¥ 1.602 X107 (Gy) (20)

T2 (i=1-n). =77, B — KRR OBEBREIEICE S — R R OBELN — X0 — R VTR & UM% G
(2Tl 2 IR SN, RETRAF—EG) MeVIIH LT, 2R —a ETHEHATL—KRR—Xh
—XNORI A E Hom(E,r, EG)), %I R % Hom(n,r, E()), BELR— X8 — XA ORI 5 %
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D (Z RE) = Koy [ [ Hom (&7, EG) expl-w(EG)NZ ~ ©)]AVard,

+ Ko@) [ [ Hem r, EQ)expl-p(EO)Z + WIAVdrdn (Gy)  (21)
LtEENS. BELREIZ DOV THREERIZ,

D (Z,RE(i) = Koy ) [ [ HE (8.7, E@)) exp[-p(E@))(Z - )] AVadrde
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LEMEEND. BRI, — KRR OBEREOR,
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prim scat

LB,

(7) EXTHNBYI2L—Tar THRONE — AL &
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DEELTDH. MBRILENT- N F TN T AZRTIL O BT,
D B, ()=1 (HEHf) (26)
1=1
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=1
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_ N\ pMC ; Keai(?)
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ER%. BELMRBEIZ OV THFERRIZ,
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_ C MC . f'cDo(i)
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BELND. BREICOVTE, —RERUEBELSREDR,
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prim
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scat
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L%,

(8) FHEEINT- X AT E WAL RL—a B LA — AL & DA
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(29)

(30)

€2Y

(32)

(33)

FREIN XBAXIMVE WG EOE — AR DEREOFE Y, —REEICHL T, ReDHEH

W,

Dy (Z, R) = ZD;z‘:(Z, R.EG)) (Gy)
L%, [RIERIZ, BRELBREICRIL T,

D (Z,R) = Z DM (Z,RE(D)) (Gy)

LEEINS. AREIZIOWVWTIE— R EVEBELBEED,
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4 V10 MV X BRICXTHR—A B — V&L Ial—Tar T84, —REOCEEN—XI—31%
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Fig. 7 Primary dose kernels (Gy/photon-interaction) simulated in an infinite water phantom using photon energies
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that are the representative photon energies of a 10 MV x-ray spectrum.
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Fig. 10 Three types of curves for each of central-axis total, primary, and scatter doses (Gy) for 4 MV parallel x-rays
in water for field radii of (a) R=0.1 cm, (b) R=0.2 cm, (¢) R=0.5 cm, (d) R=1.0 cm, (e¢) R=2.0 cm, and (f) R=5.0 cm;
one was yielded using primary and scatter dose kernels simulated using a set of semi-infinite water phantoms,
another yielded using primary and scatter dose kernels simulated using an infinite water phantom, and still another

yielded directly based on Monte Carlo simulation.
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Fig. 11 Three types of curves for each of central-axis total, primary, and scatter doses (Gy) for 10 MV parallel
x-rays in water for field radii of (a) R=0.1 cm, (b) R=0.2 cm, (¢) R=0.5 cm, (d) R=1.0 cm, (¢) R=2.0 cm and (f)
R=5.0 cm; one was yielded using primary and scatter dose kernels simulated using a set of semi-infinite water
phantoms, another yielded using primary and scatter dose kernels simulated using an infinite water phantom, and

still another yielded directly based on Monte Carlo simulation.
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Fig. 12 Primary, scatter and total dose (Gy) for (a) 4 and (b) 10MV parallel x-rays at a field radius of 5 cm,
calculated using dose kernels simulated in a set of semi-infinite water phantoms and using Monte Carlo simulation,

on the basis of x-ray spectra at OAD=0 cm, 5.0 cm and 10.0 cm.
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Fig. 13 Three primary dose kernels for 4 MeV photons, showing doses (Gy/interaction) along the Z-axis from an
interaction point. They were yielded using Monte Carlo simulation with (a) AZ=AR=0.05 c¢m, (b) AZ=AR=0.01 cm,
and (¢) AZ=AR=0.005 cm.
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- Primary dose vielded using kemels due to an infinite water phantom
- Scatter dose vielded using kemels due to an infinite water phantom
- Total dose vielded using kernels due to an infinite water phantom
— Primary dose vielded using kernels due to semi-infinite water phantoms
Scatter dose vielded using kernels due to semi-infinite water phantoms
—— Total dose vielded using kernels due to semi-infinite water phantoms
Primary dose based on Monte Carlo sinmlation
o Scatter dose based on Monte Carlo simulation
e Total dose based on Monte Carlo simulation

Fig. 14 Three types of curves for each of central-axis total, primary and scatter doses (Gy) for (a) 4 and (b) 10 MV
parallel x-rays in water for a field radius of 0.1 cm; one was yielded using primary and scatter dose kernels
simulated using a set of semi-infinite water phantoms, another yielded using primary and scatter dose kernels
simulated using an infinite water phantom, and still another yielded directly based on Monte Carlo simulation.
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Fig. 15 Using a semi-infinite water phantom, F(Z,R) and F(Z+dZ,r) are defined as the primary or scatter absorbed
dose at the point O at depths Z and Z+dZ, respectively, on the beam axis for a parallel photon beam irradiation with
a field radius of R and incident water collision kerma of Kj.
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Fig. 16 The structure of the EGSnrc code system when used with a user-code. (NRCC report PIRS-701)
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Abstract

Development of high-energy x-ray primary and scatter dose kernels used in convolution method

Hirosaki University Graduate School of Health Sciences

Makoto Sasamori, Akira Iwasaki, Shigenobu Kimura, Morio Seino, Fumio Komai

In radiation therapy, it is important to obtain accurate dose distributions. Many algorisms have been developed to
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calculate doses. The dose calculation algorithms are changing from correction-based methods to model-based
methods (such as convolution and Monte Carlo methods).

Two types of primary and scatter dose kernels used for convolution methods were constructed using Monte
Carlo simulation; one was an ordinary type constructed by setting the photon interaction point at the center of a
large water phantom, and the other was a new type, constructed using a set of semi-infinite water phantoms based
on the differential dose method, setting a particular photon interaction point for each of the semi-infinite water
phantoms. Both primary and scatter dose kernels were simulated using the primary water collision kerma as the
primary beam intensity. It was found that the primary dose kernel obtained using a set of semi-infinite water
phantoms is different from that obtained using a large water phantom where the photon interaction point was set at
its center, especially around the photon interaction point.

Experimenters were performed for 4 and 10 MV x-ray beams. For each beam, a set of spectra as a function
of off-axis distance was reconstructed using the Waggener-Iwasaki method, which was composed of about ten
energy bins. Two types of primary and scatter dose kernels were simulated for each of the energy bins. Then
central-axis primary and scatter dose distributions for each energy bin were calculated at circle fields of 0.1-5.0 cm
using a convolution method. On the other hand, central-axis primary and scatter dose distributions for each of the
x-ray beams were similarly obtained directly using Monte Carlo simulation. We compared the results obtained
using the two types of primary and scatter dose kernels with those obtained using Monte Carlo simulation. It was
found that for circular fields of R > 0.5 cm, both convolution-based and Monte Carlo-based dose calculations were
almost the same, and that for circular fields of R < 0.5 cm, the primary dose kernels simulated using a set of
semi-infinite water phantoms could perform more accurate dose calculations than the dose kernels simulated with a
photon interaction point in a large water phantom. The idea of using very small fields of R < 0.5 cm may be useful
for accurate dose calculations by convolution methods when using multi-leaf collimator (MLC) systems for
irradiation.

Next, we examined how the central-axis primary and scatter dose distributions vary with effective x-ray
energy using x-ray spectra at off-axis distances of 0, 5 and 10 cm. We calculated central-axis primary and scatter
dose distributions for a circular field of R=5 cm using a convolution method. As a result, it was found that the
primary and scatter dose distributions at any depth point decreased with increasing off-axis distance. Namely, it was

found that the primary and scatter depth doses at any point decrease with decreasing effective x-ray energy.
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