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1.3 S5 FiEHEEN
> BERATFNSITE

> EBX: LRSS ARG, £
TS R T KSR RE R,

- o AL A

S F RS,
FE: JEEE

¢ EMEM

— BEESEEES (~1keV E ~1 GeV)

- (IR, EHEE

— f5I%0: Geant4/TOPAS, MCNP, FLUKA,
PENELOPE, EGSnrc

] & thiE "

- (ERBIERAEREERIARRIT (~ MeV) [

ARz

— {540: DPM, XVMC, VMC, Raystation

¢ FitH

- TSR

~ (BRI REEREEREIAIRIT(~ MeV)

~ ARPEHEZIAR

— a0 MMC, eMC, SMC
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ARCHER

> HRPI+ R KIZEZ YRR FREREIPAF A
> BEFDPMFEEE, HHEEER, SRHER
> ZIFCPUSZEIREEH. GPUHITIHE

> HMGH. SLACEHFHIESIERE
> HFEHGEANT4, (BRRERIF
> ZIFCPUSEIEIEH

P e " 1 't ARCHER_DATA_DIR=..\dat
s:Ge/BeamPosition/Parent="Dipole [ e AR \data
#:Ge/BeamPosition/Type="Group" 3 i cpu code

P 4 i T ARCHER_BIN-..\bin\Release\photon-elect - .ex
d:Ge/BeamPosition/TransX=28. cm . SEE ARCHER HmReteaseiphoten-etectron-cou. exe
d:Ge/BeamPosition/TransY=e. cm 6

. ies . 7 gpu code
d:Ge/BzamPosition/TransZ= -143.5 cm 8 : set ARCHER_BIN=..\bin\Release\photon-electron-gpu.exe
d:Ge/BeamPosition/RotX=8. deg 9
d:Ge/BeamPosition/Roty=0. deg ii setf.:«R(HERJlIIhD:\l/.‘ur‘kstatiDrv\archer‘icode\ar(her‘ihuild\hin\Relqgse\phutoﬂ—ele(tr‘on—gpu.exe
aster gpu code
d:Ge/BeamPosition/RotZ=8. deg 12 set ARCHER_BIN=..\bin\Release\photon-electron-aggressive-gpu.exe
13
14 pause
# Physics Models 15
. B ! _ ™ " 16 %ARCHER_BIN% *
s:Ph/ListName = "Default 17 —-mum-historyeies
5:Ph/Default/Type= "Geantd_Modular” 18 --source-type=1 *
sv:Ph/Default/Modules = 6 “gdem_standard_opt3_mll" "gdh-phy_QGSP_BIC 18 --source-energy-2e6 *
— - e - - =1 pL] --beam-size=2
d:Ph/Default/EMRangeMin = 188. eV 21 --xs-prefix=predelec
d:Ph/Default/EMRangatax - 50@. MV 22 --phanton-path=input \terAi rPhantont . txt *
23 --phantom-corner=-5,-5,-5 *
24 --result-dir=.\output_gpu_FP64 *
25  --logbook-path=. \output_gpu_FP64\logbook_electron_FPsd.txt
) ) 26 --xs-dir=%ARCHER_DATA_DIR%\physics\photon_electron_dpm\dpm_example_5_naterial
i:Ts/ShowHistoryCountAtInterval = 1@6@eas 27 --precision-mode=FP54 ~
i:Ts/NumberOfThreads = @ 28 -rnun-batch=1o
. 29 --magnetic-field=8,1.5,8
b:Ts/ShowCPUTime = "True" 36 --initial-source-position=e,e,-4.999
b:Ts/QuitIfManyHistoriesSeemAnomalous = "False"” 3; poid
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> EBX: IRIESEFIEWNN (ELRITG-51,TRS-398) EXHSERMET, (FMH

BEENSETNENFE. SEFE FEFIENEHRTRRERIE.
e ———_ —

E1.4 BEEHSimE

> RFRESEFH:

« SSD =100cm, 7KT10 cmibROE, KIERZREFS = 10 X 10 cm?
e SAD =100cm , 7K 10 cm&EE, ILEAMREETEFFS = 10 X 10 cm?

> SEOIIRIERIES IAELE?
Dy, = MgNpw,g,Kq,0, (1:1)-°°
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[1] Sikora, M., & Alber, M. (2011). Virtual Source Modelling of Photon Beams for Monte Carlo Based Radiation Therapy Treatment Planning.

[2] Faught, A. M., et al. (2017). Medical Physics, 44(9), 4943-4951. % 11 ﬁ

[3] Cashmore, J. et al (2012). Medical Physics, 39(6), 3262—-3269.
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P 2.1 ArcherthiEERiF PR TREERODE [
2.1.1 MRIgRTHEB IR F A= RIZZ M

R > HERIT TERA BT RORE R
. KR RGBT ) SRR N T
‘ece’ B

WEWBEE  SERD

F#2.1 15T TARBEENFIIRAR KB FEE
FrhhYREEEER ( Raaijmakers et al, 2005 )

FFaEE (MV) |fREEEF (mm)

El2.1 BRI inE R IR R

0.5 2.2
1.0 3.4
2.0 5.6
4.0 10.0
6.0 14.5
8.0 18.9

@

Raaijmakers AJ, et al. Phys Med Biol. 2005 Apr 7;50(7):1363-76.

El2.2 AR R R RS AN AR = 14



P 2.1 ArcherthiEERiF PR TREERODE [
2.1.2 ArcherREIHIRIRRIIIGE

BEHFRSREARR:  Fo b -mni LD

dt dt

=q(E+vxB) (2.2

&
T i B2 faxdieIEie —PBMEEL | it= Uio
Ko,mcz': [[el]/]
EZ0 %EE% E{Jﬁg?ﬁ q0 ) .:.[[e] y
Archers{&EFHAY
s/2
EEECENRAIKREAY: oAv= qs/

Vo X Bg (2.21)
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P 2.1 ArchershiEERiF PR TREEROEE [
2.1.3 ArcherfiIptEIRE I EIGIE HIRELSIE-BF \ESHHE(F

e 3

> Fi%: Archer VS TOPAS .
> 18 7K _
> BEFEREE: 0.35T. 0.6T. 1.0T. 1.5T

> YIBEsEhes:
> Archer: BBF#EEEEE: 200 keV

wd o1

HRFXBRIAME
> TOPAS: E3F#iIEEEE: 200 keV T o
T I
El2.3 20 MeVEBFREENG

KiEN PSR R
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P 2.1 ArcherthiEERiF PR TREERODE [
2.1.3 ArcherBtFIEIRENEIGE RIRILINE ST NI

> Fi%: Archer VS TOPAS
> 188 AN, TAER-Fb-EAL. IRBR-FL-REH
> WilpiEE: 0.35T. 0.6T. 1.0T. 1.5T
> PIBSEHISE:
> Archer: EBF#IEEEE: 200 keV, Y¢F&EiIEEEE: 10 keV

HARXBRIANE
> TOPAS: BBF&EIFRER: 200 keV, Je¢FaEkLLREE: 10 keV .
S FERAMIERSIIE IR o
> *Z*’:I'gﬂ EE . % R\E\ IC RU% 4 4_@_1;&%: B2.4(b) Wﬁ‘FZMeV%¥§|{EE)\§ET

ERUBLA- -SRI R

B/ 17\



P 2.1 ArcherthiEERiF PR TREERODE [
2.1.3 ArcherffIBtSIRERIGIE EEiF(H

> B8 ITREERHIFS RS EN AT IR
> IKEEB KDy : 19 x 19 x 19 cm3

> FISERIRANY: 0.2 x0.2%x0.2cm3
> fEimsEE: 0T, 0.35T. 0.6T, 1.0T., 1.5T
> YIRS E:
> Archer: BBF#ILREE: 200 keV., JeFEiLBEE: 10 keV. HRXAMIANE
> TOPAS: EBFglLgEE: 200 keV, JtFailgEE: 10 keV. JEFENAPIEFIZR
> iTR¥a:
> Archer: NVIDIA GTX 10608 EHIGPU, 6GHIGDDRSETF
> TOPAS: Xeon(R) CPU E5-2698 vAEYSHICPU, H80%:4E

% 18 I



P 2.2 HIFREEFIE

2.2.1 HInRIEEFN4AE
> B TRIRIE: Dy o = MgNpwo ko0oks™? (2.28)

| bl |

D.po: THIGHTEEE

REZFERTRAYIE

AR IEElF

Dy,q: FHIARIKFET

DB, ,: ERIAATERRES

REFEFRRIFIE

KR E
(2.30)

KiE (ElfEF) R
321 mm, {KE10 mm D3 ,: BHHRIKFEF

IKEEIR UL E

[1] Mao, L., et al. (2021). Radiation Physics and Chemistry, 183(February), 109405. % 19 T
[2] Malkov, V. N., et al. (2018).,Medical Physics, 45(2), 908—925.



P 2.2 BIHKERFIHE ==

2.2.2 E%EﬁUEi-I-nmE*E / Beam source Beam source
> JUnlticE :
> F&: TOPAS ) ]
3B ®B
> TKEERA/N: 30 x 30 x 30 cm?3 A L e®
> BiESE: HrESTEEEDOE | | )| (==
> FfizA/)N: 0.35T, 0.6T, 1.0T, 1.5T 3
» SSD:
¥ & v &
> 7TMV J&=F: 143.5cm : 0o (A : 200m ki
> Co-60: 90 cm T T
0 ' ¢ (a) FEFEcE (b) EEERS
> BEEFETTKTL0 cm B2 AR ERFORS SR ARETEE

> IKIRRRERRSTEF: 10 x 10 cm?
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P 2.2 BFHRERETITE
2.2.2 BEERS1TLEERE

— % e 2.3 B ERM R BE S TN R
3.51T mm
S e HE(g/cm®) | FLAHREE | (eV)
Ozs =5 0.00126 85.7
3.9 mm ? (b) IBAFC65G WA= 7J( 0.9982 ol
;“17.85 mm,  23.1mm | 048 : :
. DIPPE e 2.70 166.0
3.9 mm; ? (c) IBA FC65P ;E(r\jflhl\/llA PMMA 1.19 74.0
17.85 mm‘ 23.1 mm | - Gr 1.82 81.0
y (d) PTW31010 POM 1.43 77.4
2.75 mmiEy % S— 5 o5 0.1
6.5 mm
2 mm | PPE 1.06 64.0
El2.6 BEEFSIHETOPASHIEIR
FRNNASHHEREE

B/ 21
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P 2.2 BFHRERETITE
2.2.2 BEERS1TLEERE

fEFREL L
> iz
> EF Geant4fYGeometry Componentszs
> MRIEE BRI
> CmakeZgiF
> {ltEh:
> RRTEERBRERINRE
> R DEIREANIEC TR
> FRENSITRIFER, iR EHART ]

> (a) EiE+EHE

) (b) ElfE+3EK

EBl2.10 TOPAS extention RTENAY
HENArREE

8|22



P 2.2 BiFRERETITE ==

2.2.3 YNRREISENEIF
2.5 TOPASIIFR RN MBS HFIE

BEC I T Y (e

ﬁﬁ%ﬂ‘ii G4UrbanMscModel
#1HE 0.05 mm 7KF8500 pm, BEZEFIZEITEE6S nm
dRoverRange 0.2 0.003
——— finaIRanqe ) _1\ mm \ 1 nm
MaxStepSize R BanEFEESERE 1000 m
RangeFactor 0.04 0.01
Skin 1 2
G4MscStepLimitType - fUseDistanceToBoundary
itas - G4ClassicalRK4
Miss distance 0.25 mm 1T um
LAY i delta one step 0.01 mm 1T um
Emin + Emax 0.00005, 0.001 0.00005, 0.00005
fMinStep 0.01 mm 1 nm

% 23
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EEE
e
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N
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1 g |
1
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)
H

E]2.12 Elekta Unity

> 1.5 T MRI+7 MVEZ:/INiESE

> FoIIEEEE(FFF)

» SAD=143.5 cm

> MLC{iyFJaw Lt

> {¥1¥JJaw

> B{NES-SHRFIER LA
> HiEkBEEMDLEREESL)
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P 2.3 MRIGRT =R ERRE

2.3.1 DiE=EN kTR

“““““““““““““““

— ASETE
viLc | R ¢ 55cm
— N B # 55cm

90 cm

2zchiy
E]l2.13 ViewRay MRIDian Linac

i

> 0.35 TMRI+6 MVEZ/IESE

> FoYIEEEE(FFF)

» SAD=90 cm

> WEMLC

> JcJaw

> pUNESSHRAZTERSEES
> FHEFRBEEUCLAKREET L
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P 2.3 MRIGRT =R EEER 2 =3
2.3.2 NiEESH L ELFER- S
> HZEER: RFRKRE. NEMIR. BELRMEES
> EMIFRRENX: FRRERSMETEEEAERZEZEER
> REPLIRER:
> YIRS FIR: (NBCE BRI E, (TEBEFEE
> IRRNFIR: APSEFIRZIMIYEF (REWMEGINE) | T

MLCSEE=Z |
> SHREFR: NSRSk ESSERBF, A TMLCER
H=EZ|E

> EIFSEREE: RIERXRIBFTHTREAEFIEMNRENED

5 26 I




P 2.3 MRIGRTHEREERRE
2.3.2 NhiEzEHkEREIR-GEiE 01

2 AES=

> MRFFR: FIEETE q:/ufﬂﬁgi%ﬁﬁ
> Fo(E,0) = £,(0f,(B) = [oasd] " £,B) (2.34) |

WA T

i '
P
[
HE
I
P
! ‘
\
<
\
\

E max

WOE ;EcutSESEmin
_ b B 2.36
> fp(E) <( » ) e 1) e eE+0107 p o < E < Eppy { :

> IRBHFR: BBRERTA: B = —— (2.37)
K-N/l_\\_t;i_édzi ) +m(1—cos¢) o
> HP(cosp) = K (EE,) (EF, + 5 + cos?¢p — 1) X(Z.SB) E2.15 YIRS FiRE D BEETR
— . B REAREFrEE
> SR FE: T8I B
> f.(E) =%e‘% (2.39)

B/ 27T W



P 2.3 MRIGRT =R EEER 2 (ES=

2.3.2 IiE=RLERIEER-BE DT
> BEE: IASERSH P OuEEdwR

> MRKEFE: 6,0 =2mr = e 2% (2.44) ol s
TZ 020} . :.‘;:jl i
> RBFCFIR: Gooc(r) = an% e 20%ec(®) (2.45) s
b i)_0'34 E > 0.511MeV
> Heho, (B)={ "V . (2.46)
0.511 :
Zeee (S2) T E < 0.511MeV
0
r(em)
T2 -
> SR FIE: Goon(r) = 2nr——e 20%on® (2.47) B2.17 6 MV FFF{&= TrueBeam
' e A ISR ENBENTE
E —VU.
> HF6.con(E) = Zecon (E—O) (2.48)

> HFEER: —=REEA—TT—REEEENAI 53 EREREY

5 28 I



P 2.3 MRIGRT =R EEER 2 (ES=
2.3.2 SR L RIS 5
- MBHF. REHF. SROTFHEES AR

> IR TFEERERE: } €ME g
1. EREERNTE>AMIEEr,
2. (0,2mIIIFREF> EMSXIHRIKAB; \
3. IEEEATEERSH>ANGEEr
4 (0,2m)IIPFRE> INSXHEFEA;
5. mMAISNTEXE. YiGRAE. LUNIER: o _
*  Ax =rcosa —r,cosp (2.52) Jar* X
* Ay =rsina — r,sinf (2.53) v N
s = \/sz rAy? 422, (2.54) "2 | VSMAHZEH] -1
E2.18 RN FFEELE

6. EEAM(T, 2,22,
B 29
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} 3.1 ArcheriEERIF TR FHSEREE N
3.1.1 :Eﬁﬁ IE“ 1IE2|’=|=¥ EE?)\Q:ME{ZIS

TOPAS dos ARCHER dos: TOPAS dose ARCHER dose

(a) 0.35T -

Gy/particle

40

ARCHER dose

Gy/particle

) [
40 60 80 100 o 20 40 60 80 100 0 20 40

EI3.1 TOPASSArcheriHEi20Me VAU F A S K AEHE — AR 4751 P



P 3.1 ArchershiE Rz FAOF A FIMIEIRER
3 1 1 HIRHIGIEER BFANEE

AEFES T, RANFIEENBESEFHAEHSEREX, /91.6%;
> *ﬁI‘F‘J— ot BRIEXKIFEN AR EREWEIRTF 1%, EERELIIELINE

I—.lul.liﬁgr Eﬂz £94%,

1.6E-10 T T T T
—=— TOPAS 1.6E-10 - —=—TOPAS |+
1.4E-10 | —&— ARCHER|4 —e— ARCHER
1.4E-10 | -
1.2E-10
1.2E-10 |
m )
© 1.0E-10 |- o
B £ 1.06-10 |-
g g
;D% 8.0E-11 |- :55 8.0E-11 |
I goe11f il
= = 6.0E11|
4.0E-11 | 4.0E-11
2.0E-11 | 2.0E-11 |
0.0E+00 - 0.0E+00 | I e bhassmd
0.0 05 10 15 20 25 30 3.5 4.0 4.5 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
R FE (cm) FRep LS R B (em)

(a)rhihZe FRSFEERIENH (b)RElcmittEmFIEHDTH
El3.2 1. 5THAIRE T20 MeVEBFASIKIES BRI E S = E
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P 3.1 ArcherhiEEmRIA TROBTFHERNER [
3.1.1 BIMINELER  HFAEE

J —e— ARCHER
35612

> TOPASITERIREFRIENHELF
ISR T o FREFIE;

> ERBIA-FE-EBONEIR, SFEXIE I
DTRNIREN2.3%, BHAE | R
DR KNIREL]2.5%; RO === I R IR ==

> AT RBRENK, SRER
EDMERRELN2.7%, HEEX
EDHERKNIREL3.6%;

S 25612

o ]
S
8 3.0e-1 -
I 2.5€-12 . ¥ 2.06-12
= =

2.0E-12 -

15612 |
1.5E-12 -

1.0E-12

I

LI
(Gy/parti \3 .
(Gy/particle)

—&— TOPAS_10cm / —&—TOPAS_10cm

—®— ARCHER__10cm 3.0E-12 f‘ —e— ARCHER__10cm|

9 \5E-12 |
I

] ¥ '\

. 2.0E-12 - \

B 15612 -
=

s r
s
20612 -
B 15E12 / -
=
10e12 | 4 10612 | \
555555 L — 5.06-13 |-
/
0.0E+00 - : . 1 . . 0 g . . i .
=20 -15 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

0.0E+0
20 -15 -10 05 00 05 10 15 20

(Gy/particle)

LI a2

i LAl 4] B2 B (em) B e Lo P 2 )

(3.4 FRABL-ff-ERBLNRIA (E]3.5 FRABLF-B3L-ERBRARIA
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P 3.1 ArchershiE Rz FAOF A FIMIEIRER

3.1.2 EEHHER

> 7 £ .
= -
> Archer: NVIDIA GTX 1060 6GHIGPU;
TOPAS: Intel Xeon(R) E5-2698 VARJCPU;

> £EH.
> HIBFRMHT, ArcherBitEEELATOPAS
B9260(5,

#%3.3 Archer STOPASIE YA TS F A S =4HR(ERIBIEITILL

RN BAIZBEE (T) TOPAS(/NEF)  Archer(#)
LA 0 2.9 413
0.35 3.3 48.2
0.6 3.4 48.5
1.0 3.4 48.5
1.5 3.5 48.8
LSRR [ 0 2.4 36.0
0.35 2.9 42.9
0.6 3.0 433
1.0 3.1 43.9
1.5 3.2 44.7
-1 - 2 0 4.0 57.6
0.35 4.6 67.2
0.6 4.7 67.3
1.0 4.7 67.4
1.5 4.9 67.7

% 34 &



P 3.2 IR ERFIHEER
3.2.1 BESHEITRISER

 —

(a) NE2571

. Im )

(b) IBAFC65G

==

(c) IBAFC65P | (a) OT (b) 1.5TH(TEE (c) 1.5TEERE
D | [E3.10 IBAFC65GEBB ERIZTHHEYR IR B FHE
> 15T TECERIN:, B R+XT PR ;
(2] IPANERALERY > L5TEEREAINS, BFHER-YS R,

El3.9 MR EERISIHETOPASHRI TSR | % 35 W



P 3.2 MIFRERFit AR

3.2.2 BIBSHARNMARERTORN

> HAEREIA™A, kp#hXK;

> ST EREIAYT kp AOSZINEED;

> TR ENAEREEEITE
1TH, kg =~ 1;

> PTW31010, 1.5THIkg =~ 1;

094 |
(a)NE2571
0.92 i ! . s
0 035  0.60 1.00 1.50
HEIH ORI (T)
1.04
102 é
[
1.00 g S —
uuuuu
L]
0.96 M
L]
0.94 - i
(c)IBAFC65G
022, 035 o.éo 100 1..:30

TSHMEEE (T)

094 |
(b)IBAFC65P
0.92 L L L .
0 035 0.0 1.00 150
WA (T)
1.04
1.00 'Q —————— & L 4
]
0.98 . ]
0.96
094 |
(d)PTW31010
oo, 035 o060 100 150

3795 (T)

E3.11 FFMESHRERN T ARG NS REREHIE



} 3.2 IR FEFitEER

3.2.2 a5 8% R IEEAEIEEFRI=2N
> FfTficE, Co-608IkpIINF7 MVESk;;

> EERCE, MBEIBREIN, Co-6057 MVAIktHEBRIMX ;

1.00 .

@® 1 Cobalt-60
B L7MV

® //Cobalt-60 ; |
m /7MY 099F .

'MCD 098 ki i ...... PPN

5 }+ = . i

1 ‘ 1 oo * """
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Woodings et al.(2019) Sy 0.965 + 0.004 1.000 + 0.004
De Prez et al.(2019) SM 0.956 + 0.004 0.995 + 0.004
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[1] Mao, L., et al. (2021). Radiation Physics and Chemistry, 183(February), 109405.
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