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Comparison between Monte Carlo simulation and measurement of beam quality and output fac-
tor with flattened and flattening filter-free of linear accelerator

YUE Hai-zhen!, ZHANG Yi-bao', LIU Zhuo-lun*, GONG Jian*, JIANG Fan', ZHANG Hui?, WU Hao"
1. Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education), Department of Radiotherapy, Peking Univer-
sity Cancer Hospital & Institute, Beijing 100142, China; 2. National Institute of Metrology, Beijing 100029, China

Abstract: Objective To simulate the flattened and flattening filter-free (FFF) modes of 6 MV photon beams emitted from
TrueBeam accelerator by using Monte Carlo method, and to compare the calculated beam quality and output factor with the
measured results. Methods Beamnrc and Dosxyznrc programs were used to model the linear accelerator head. And the
dosimetric data of two modes under reference conditions were calculated and output for various field sizes. The relative
deviations between the calculated beam quality of various field sizes and the measurement were calculated, and the absolute
values of relative deviations were statistically analyzed. On the beam central axis of various field sizes, the output factors
were calculated at 10 cm depth under the water surface. The absolute differences between the calculated output factors and
the measurement were statistically analyzed. Results The absolute values of the relative deviation of 6 MV and 6FFF beam
quality were respectively (0.459 + 0.462)% and (0.486 + 0.300)% , and those of 6 MV and 6FFF output factor were
respectively (1.315+1.868)% and (0.904+1.214)%. Conclusion For the proposed model, the relative deviations between the
calculated beam quality and output factor and the measurement were small, so the proposed model can be applied for
clinical dosimetric investigations.
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AHF5E ] 1 Beamnre Fil Dosxyznre FJF 42 vy
6 MV 73X (fRiFk 6 MV) il FRF B (187K 6FFF ) P
R X SR A SRR B R Sl %) 1 cmx1 cm £ 40 cmx
40 om FHEF I E AR R EA TSR R P AL, AR
P RE A5 ST 10 SR R B B A 1 DR O S
BPE VAT LUAFST , LAY i B S S g i e A
SEA MR o BIE, OR SRR A TR, it —
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1.1 hniE=S R HSkiEs

P Varian 23 &) TrueBeam il i #8 W BF 55 %t 42, %
HLL B 5 5 A5 (6.8.10.15 MV) 4b, 34 HL A
6FFF 1 10FFF &4 FFF 822X 140G 1 R & , Hodme s )
R > % &y 1400 MU/min (6FFF) | 2400 MU/min
(10FFF),

5% I~ JEARUR N2 K [ 240t 55 2% 1 2% (National
Research Council Canada, NRC)#/f % [\ Beamnrc £2)7,
HR A Varian 28 FIHE AL I BB LT S50 R S
R AR A A S5 S8, AR I
Ea P W R % RO IR AR

Beamnrc HAt S SHB E AT : D LTz
1EfE T (ECUT) Al ™ A i () e ik fig it (AE ) 1 &
4 0.700 MeV , 6 ¥ iz 1k AE 5 (PCUT) A BE 5
FEA B ARBE E (AP) 470,010 MeV; @) 4Bl R
FH5 Ty PR BRSO 6140 24805 ok 2000,
IS8R E XAE SSD=100 cm &b, T3 HUR A AE
SPEFIO RPN A SR  FEl 24 BR i VS 1Y) Russian 54 4%
HATRIfLAE I . A3 AP B RS K BRI LR IG
7SR, HALE XS Ol R DTk T . SRR R
SRR, — RGO T 73 242 56 TAH I 5 Y
RN (B ASFE A ISOURC=19, AL T-AE >
6.000 MeV, 4% 4 0.75 mm,

1.2 Dosxyznrc B#1i& 8

A 5% b 5 R T S 4 R & K NRC
DOSXYZznrc 7 )7 , %t A Ui 1% & >4 ISOURCE=9,
Beamnrc #5784 so 4% 23k SCHFE S DOSXY Znre i A5
Ji o T K AR A 12 & Ol 60 emx 60 cm % 60

cm, DOSXYZnrc EZESHE Ny : O HFHiZ 4
1E B8 (ECUT) Rl 7= 4 il T A AR AE 2 (AE) 1
4 0.521 MeV , )t F iz ¢ 1k fig & (PCUT) ) 2 4m
ST B AR RE HE (AP) 9 0.010 MeV; @) 1A%
V.. W EH0.5cmx0.5 cmx0.2 cm(4 cmx4 ecm L 1) |
0.2 cmx0.2 cmx0.2cm(4cmx4cm A F); @ B TR
AT REHE R BLIUUNG B, B IR HUA 28 SR 1 AN o 12 (0.2%
PAPY), 10 cmx10 cm 557 A SR 7401 B o 4x10%,
Al S e R EL s o S5 B TR ) B 6 R 1 A
Jof SR 45, B KR 9.99% 10,

I FH MATLAB 2 - BEASAU A B egslst SCHA-H E
SIUREE R RS0 PTW A H] MEPHYSTO® me24k
PERTE RS 2, 8 TR TR S0 e 1)
gammalD X Lba3#iT , R A ™ #& %) Local Dose 572,
Hr IR 251 E N 1%, A B 1R 25 1 mm,

1.3 H&REHEFHHEF

Fie BUIAEA398 4t , Sk Bt HH PTW 43 BT B AR
Fie AE R S B m OBl %) AR BE R T AR B AR
Jiz (Quality Index, QI) 115 A L K QI=Du/Dyo A HF
G2 R AT AR HL 35 %5 (PTW34001) Al SR R £
(PTW60016 ) i#F 47 71 75 8 771 s i) ) 2 (O B9 >
PTW34001, /N3 F PTW60016) , SSD=100 cm.,,

2 B SRR /N I 28 A 5 e A R AR
K F A ST i R B9 T L emx 1 em #] 3
cmx3 cm 5 B >Rk F 2 S R0 45 (PTW 60016) , 4
cmx4 cm~40 cmx40 cm 6 4 B % 1 0.125¢cc H1, 2 =
(PTW 31010) , 5 25144 SSD=100 cm, il &R %
10 cm. SRR B S B R F- (Output
Factor, OF ) (313 A 20 F .

OF = DD*” x 100 %

e(10%10
Horr Do AEERER BB B OB B2 E TR
FEAE (ARG EOK R 10 em) 97 S AF, s S s
FIHE S 7E S 57 b Al b B TR BE A A TR i,
37 4 Gy/Partical,  D.,(10 x 10) 4 10 cmx10 cm 5 HFf)
D.- 8.

2.1 PDD Hi&k

P& 1433 5 Hh AN [ S BP9 0 S R B AU
2|11 PDD il 26 5 i B A A5 5 T e, A i ZeAE T
4 10 cm 4k #4174 —. H gammalD(Local Dose 7
L R IRZE<1%, 7 B iR 2E<1 mm) Z3#T, Hir 2 emx
2 cm DL SHEPREE I, 1M 1 omx1 em S EF I E A —
FEM2Z  FEBRAE MK 1.5 mm  1.5% M g 12 .
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Fig.1 Percentage depth dose (PDD) comparison between simulation and measurement of two modes
2.2 i Ftb i (0.48620.300)% , FH1 1 cmx 1 cm 5t 7 Y A fi 25 4

6 MV Fl1 6FFF T~ A [v] S 85 114 555 28 Joit A 2 {F AH
N 2245 BANZR LR o 3 i BUCH 46 SHE A (E 5

B, 7 24 (8 A0 A 1 22 49 931 2k (0.459£0.462)%

1 6 MV FN6FFF 81k IR SN2 EMETRE

K, 4020 1.88% . 1.0%., 7] — S 7 114 5 2% 5T 6FFF £
X5 6 MV /N, U] 25 B 1 2l ST B AR 2

Tab.1 Comparison of beam quality between simulation (MC) and measurement (Meas.) for 6 MV and 6FFF

6 MV 6FFF

Field size/cm?

MC Meas. Dev/% MC Meas. Dev/%
1x1 0.6108 0.599 5 1.88 0.5735 0.5678 1.00
2x2 0.614 5 0.6108 0.61 0.579 9 0.5776 0.40
3%x3 0.6157 0.6170 -0.21 0.582 8 0.5826 0.03
4x4 0.6230 0.620 6 0.39 0.589 2 0.584 2 0.86
6%6 0.6354 0.6396 -0.33 0.601 2 0.606 3 -0.84
8x8 0.650 2 0.6517 -0.23 0.6151 0.618 2 -0.50
10x10 0.664 1 0.665 8 -0.26 0.626 4 0.6300 -0.57
15x15 0.6916 0.689 5 0.30 0.651 2 0.652 9 -0.26
20x20 0.7100 0.7075 0.35 0.667 9 0.667 4 0.07
25%25 0.723 6 0.720 4 0.44 0.662 9 0.667 6 -0.70
30%30 0.729 8 0.7309 -0.15 0.682 6 0.6845 -0.28
35%35 0.732 8 0.738 1 -0.72 0.691 4 0.688 2 0.46
40x40 0.7415 0.742 2 -0.09 0.690 6 0.690 9 -0.04

Dev: Absolute deviation
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6 MV i1 6FFF T~ A [] 5 57 14 i PRI 7Rl
A 22 25 F N2 2 BT, 43 S BCH 248 % (B AMO 1 4
B, 7 308 F bR #E 22 43 51 o (1.315+1.868) % Fil

(0.904+1.214)% , Hirfr 1 cmx 1 cm S B AH %) 2 45
K, 539k 7.32% .4.63% ., AR — S BF T PR RE =
(A 5% AL 5 S BRI e B e S DR AR — 3

2 6 MV F 6FFF ¥ th B F &1L 5N 2 E R BN R E

Tab.2 Comparison of output factor between simulation and measurement for 6 MV and 6FFF

6 MV 6FFF
Field size/cm®
Daeptnto MC Meas. Dev/% Daeptnto MC Meas. Dev/%

1x1 6.218E-17 0.727 0.677 7.32 1.391E-16 0.713 0.681 4.63
2x%2 6.419E-17 0.857 0.793 1.01 1.565E-16 0.802 0.795 0.81
3x3 7.195E-17 0.893 0.830 1.29 1.653E-16 0.847 0.837 1.23
4x4 7.445E-17 0.870 0.861 1.04 1.711E-16 0.877 0.870 0.77
6x6 7.619E-17 0.890 0.889 0.14 1.816E-16 0.930 0.927 0.39
8x8 8.272E-17 0.967 0.962 0.48 1.888E-16 0.967 0.969 -0.15
10x10 8.558E-17 1.000 1.000 0.00 1.952E-16 1.000 1.000 0.00
15x15 9.032E-17 1.055 1.062 -0.66 2.045E-16 1.048 1.052 -0.43
20%20 9.424E-17 1.101 1.104 -0.25 2.094E-16 1.073 1.082 -0.85
25%25 9.571E-17 1.118 1.134 1.38 2.142E-16 1.097 1.101 -0.34
30%30 9.798E-17 1.145 1.155 -0.88 2.160E-16 1.107 1.113 -0.60
35%35 9.845E-17 1.150 1.167 1.42 2.170E-16 1.112 1.121 -0.80
40x40 9.929E-17 1.160 1.175 1.26 2.193E-16 1.124 1.125 -0.14

Do Was the deposit dose after single particle targeting at 10 cm depth under the water surface (Gy/Particle).

34T g
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